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Artificial Intelligence concepts, offer distinct advantages 
in the representation, analysis, and correlation of 
information in certain problem areas. This thesis presents a 
detailed design and implementation of ) Rood pe 
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rationale, System objectives and system structure are 
Mmreiesed. Representation of knowledge and the program 
control structure are emphasized. Finally, the details of 
Mpeeementadtion and a4 discussion of the results obtained are 


presented. 
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I. INTRODUCTION 


itemeanpriety to collect and trénsmit information has 
meri plied Several-fold in recent vears, in large part due 
ro the advent On the microprocessor and édvanced 
communications technolcgy. This leap in capability has made 
combat intelligence and comtat information more accessable 
mommevery level of command. The abundance of information 
available Gases “it @vecnnically wossible for any unit 
commander to acquire information concerning the status of 
friendiy as well as hostile forces within his area of 
influence. To exploit this new capability, however, it 
Bememes  Tecessary to develop the means to correlate this 
information in a meaningful way. By meaningful. it 1s meant 
eaeeeeeetrae essential elements must be culled from the larger 
body of information, that they be extracted in a timely 
manner so that the information produced is relevant. and 


Picyeewr= intormation™be presented to the user in @* manner 


Bias t+ 


that Fre can understand and act upbon. “As more and more 
information becomes availatle at every level, ties 
capability for effective correlation becomes increasingly 
mmmortwant . 

This thesis represents a limited attempt to investigate 
oma cee pon this problem of correlation of information. The 


nature of the problem itself seems to be pertinent to the 








Seeere siertvary hierarchy, varyine only in the Scope, 
Someeemy, ene the degree of correlation required to proéuce 
useful information. It was desirable 120 limit the 
investigation to an area where any results produced would be 
meaningful, and where the information needed to conduct the 
effort would te readily available. After some investigation, 
the target of the research anc immplementation effort was 
chosen to be a subset of the Marine Corps ground Sensor 
program. 

The United States Marine Corps currently possesses the 
mee ty to acquire informetion through the depnlovment and 
use of networks of ground sensors. These sensor devices, of 
Ween there are several types, were originally developed for 
use in Southeast Asia. They are emplaced in a variety of 
WAYS, and Drove c information about their immediate 
environment once activated. This information is presented to 
the collector in its raw form. In the case of seiSmic 
sensors, for example, which detect vibrations in the earth 
caused by the passage of an object within the detection 
radius of the sensor, the information is presented as a 
series of binary (on or off) activations. The quantity and 
@uairty of the informatiom is variable over time; the 
information may, for example, be corrupted to a varying 
extent by the environment in which the sensor is vlaced, dv 
the operating characteristics of the sensor itself, or by 


jamming. Correlation, which takes place at the collection 





Site, is presently manual in nature, and is performed by 
trained Cvenmenorse wao compare the output of adjacent 
Sensors, sensor arrays (a collection of sensors logically 
prouped together to to provide information on a specified 
area) and sensor fields (a collection of arrays logically 
grouped to provide information over a larger area) over 
time. This correlation effort serves as an input to the 
memeemen COrps intelligence system and can be used to provide 
combat information to the’ applicable commanders [1]. 

[ies tnesis focuses on one method of Cormelatine 
information that seems to be applicable te a wide veriety of 
meoorems — production systems. A£ branch of Artificial 
Intelligence, performance oriented knewledge-btasec exovoert 
mreorction Systems provide a means for encoding the expert 
knowledge of a restricted domain [2]. A performance-oriented 
production system attempts to display competent tehavior in 
that restricted domain by the use of selected anplications 
fmeroauction rules, €ach of which represent some small 
piece of knowledge that is applicable to the domain. While 
Pepaaps computationally equivalent to an qeerrieyamic 
approach to the same problem, the vnroduction system differs 
Significantly in the manner in which knowledge is 
pepresented and applied. Perce 10 n rules cffer a 
representation of knowledge that is easily accessed and 
modified, making them quite useful for systems cesigned for 


an incremental approach to competence [2]. The knowledge of 


1¢ 





PiemmcysGem 15 extended simply ty adding rules thet apply to 
the domain, and the informal knowledge of the expert may he 
represented and applied in a convenient and useful manner. 
Representation of knowledge and its application in this 
memmer Offers inherent flexibility, and produces behavior 
similiar to that which a human can produce and understand. 
Meo Manner, a production system may offer a feasible 
approach tc a class of problems that would otherwise be very 
Mmerrcuit to Structure algorithmically, or given a solution, 
be difficult to explain in @ comprehensive manner to the 
average user. 

The thesis is organized into five major sections, 
excluding the introduction and attachments. The S5Background 
meeuron provides information concerning the organization of 
the Marine Corps ground sensor program, the technology used 
Mmameenespresent generation of ground sensors, and processing 
methods that have been developed in the past or are 
currently beine utilized in this area. This information will 
hopefully give the reader a feel for the nature cf the 
problem and put the thesis effort in the proper context. The 
Design section discusses hierarchical performance-oriented 
pmeauGtion Systems in general, their salient features, their 
structure, and their characteristics. Production systems 
Seereadyvein €xistence thet influenced the approach to the 
system designed in this thesis effort are mentioned. This 


section includes a discussion of the structure of the 


ie 





prototype production system developed as a result of the 
thesis to process and correlate ground sensor information. 
The objective of the design effort, the concept, the 
Structure, and the design approach are included. The 
Implementation section describes just thet = the 
implementation of the prototype system in itS present forr. 
An example rule and a computation that results from the 
Operation of this rule are presented. The final two sections 
discuss the results obtained by the limited testing 
conducted, and the conclusions drawn from the results cf the 
testing. Recommendations are presented Oe further 
development, and a discussion of the applicability of 


further stucy is included. 


‘ 





TI. BACKGROUND 


He PREFACE 


memeseeCOaprer iS divided into two major areas. The first 
area contains information about the Marine Corps eround 
sensor program. Onlv that information is presented which 
allows the reader to place the thesis effort in proper 
meomuerxt, £ive the reader an idea of the scope and complexity 
of the problem area, or was pertinent to the thesis effort 
itself. More detailed information on the Marine Corps ground 
sensor program may be obtained by referring to ref. 1, 4, 
and 5. The second area contains information about previous 
development efforts in this area, and current methods of 
processing and correlating ground Sensor infOrmatven. Ltieas 
@opea that this information will give the reader an 
understanding of the ‘state of the art of processing 
information in this area, and the background that he mav 
better understand why a production system was the method 


chosen for investigation. 


B. TH&® MARINE CORPS GROUND SENSOR PROGRAM 


Maemeesection®is divided into elght sutsections, each 
covering a facet of the Marine Corps eround sensor program. 


Eee pmrpese, Organizetion anda training, employment concept, 
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advantages and disadvantages, factors for consideration in 


employment, methods of emplacement, and the equipment 
considered in this thesis are detailed. As noted tefore, 
information that is more detailed than that presented ray he 


found in the above cited references. 
1. Purpose 


The Marine Corps sensor surveillance capability was 
designed and iS organized to meet Marine Corps requirements 
in support of amphibious operations. Data acquired from the 
use of ground sensors (a detailed deScription of such a 
sensor is given in section B.8& of this chapter) can result 
iomeene identificaticn, monitoring, and/or the targeting of 
hostile elements that might otherwise EO undetected. 
Collation of sensor surveillance acquired data with that 
meomeread Cy other means is intended to result in a 
significantly improved inteliigence capability [1]. As Such, 
the Marine Corps ground sensor program is an integral part 
of the, total intelligence collection capability of the 


Marine Corps. 
2. Organization and Training 


Sensor assets within the Marine Corps are controllec, 
maintained, and operated by the sensor control and 
management platoon (SCAMP). One SCAMP is allocated per 


division; each SCAMP functions under the cognizance of the 
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meme antelligence officer. The mission of a SCAMP is to 
establish the capability for fremote Sensor surveillance 
Sweeovyment in amphibious operations, to support contingency 
operations, and to conduct sensor surveillance training and 
testing as required [1]. The SCAMP platoon is also tasked to 
support the Tactical Surveillance Center (TSC}, which is a 
me —-cContained, mobile, air transportable operations center 
designed to provide a capability for monitoring and 
evaluating sensor derived data. The SCAMF iS organized with 
the capability of providing sensor employment squads and 
teams to Resiments and Battalions, respectively. subordinate 
to the Division. The SCAMP is also capable of supporting 
cOmbat Support units; i.e. the Division Reconnaissance 
battalion, and the Artillery regiment. “ach member of a 
sensor employment squad or team iS trained to implant tre 
various classes of sensor devices found in tne Marine Corps 
inventory, monitor these devices, read out transmitted data 
from the se@€nsors, and analyze tre result. Thus configured, 
the SCAMP representS centralized control of all Sensor 
eeeeto Swithim the Divisiomy but stands ready to surport 
Pumeratmate units and fulfill thefr particular Sensor 
requirements es the situation dictates [5]. 

In its present configuration, the SCAMP is capable of 
Simultaneously monitoring up to seven hundred twenty 
different sensors of the various types that are contained in 


the Marine Corps inventory. This is accomplished through the 


Lo 





Seemerrone oO: the T5C, mentioned previously. The TSC is 
Meguelly a series of four s@€parate shelters, each capéatle of 
Stend-alone operation and each able to monitor two hundred 
forty different sensors simultaneously. Each shelter is 
designed to be operated by a sensor employment squad. Each 
shelter contains four recording devices (to be described 
later), each of which is capable of monitoring sixty sensors 
simultaneovsly and is operated by one Marine. As a modular 
memreture, the structures of the TSC may be tasked out to 
Eaepormarmete units «6s required, or may te collocated to 
function as a unit [4]. 

The training of SCAMP personnel is accomplished by 
various means, MOOrmew rca (technical treining in 
electronics, for example) comes from the basic military 
occupational speciality thet the Marine originally came 
Peem, and will not be further discussed. ~Sensor-specific 
training, wowever, is of interest; for the Marine in the 
SCAMP platoon, it comes primarily from two sources. Initial 
training in the sensor field is usually received courtesy of 
the Army through its Unattended Ground Sensors course, given 
aueeeeme UU. S. Army Intelligence Center at Fort Huachuca, 
Arizona. This school is designed aS an entry level course 
(i.e. is very basic in nature), tut it is the only formél 
training a Marine sensor operator is likely to get. After 
eracuvation from the Army school, the Marine is assigned to 


one of the three SCAMP’s that are currently active. This 
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represents his entry into the second phase of the training, 
Mamemeiseiisely to last for the duration of his career in 
the Marine Corps - cn-the-job and unit level training. Hach 
wemreeras its own training progrem, which is tailored to the 
Somat ion that each particular SCAMP finds itself in, plus 
Bieeecdesires of the various levels of commanders that are 
ahle to influence the SCAMP platoon commander. The tailored 
training programs and a high turnover rate, especially amone 
key persennel such as platoon commanders (who directly 
influence the scope, style, and content of thea ns 
programs) serve to add elements of inconsistency to the 


(ewous training programs. 
3. Employment Concents of Ground Sensors 


Poemeurrent concepc of Employment of ground sensor 
assets calls for Yremote sensors to be emplaced before, 
Ome, and after assauit operations where enemy activity is 
known or exvected. Employment is generally classified by the 
Smeenuzationa] level at which the sensors and thier 
resulting information are utilized, and is broken down into 
three different types of employment classes: types I, II, 
and III methods of employment [1]. In the case of every type 
of employment, locations for employment and tynes of sensors 
to be employed are mission dependent and are preselected so 


as to optimize the receipt of information, given the level 


eG 





of resources available (i.e. the number of sensors, their 
types, and their monitoring capability). 

sensors emploved in a tvpe I mode are locally 
employed by subordinate elements of the amphibious task 
force, down to and including the battalion level. Data from 
the sensors is immediately evaluated and acted upon locally. 
Control is decentralized; sensors in this mode of operation 
are normally used for local perimeter defense, listening 
mores, local security pdtrols, ambush opérations. and locél 
targeting for organic (in-house) supvorting arms (mortars 
and artillery) [1]. 

Type II employment of sensors, on the other hand, 
memerrearrzes Control of s@€nsor assets to directly Support the 
amphibious force/landing force to provide timely information 
about enemy forces and movements within the amphibious 
fpteerive area. Type Il employment is characterized ty 
utilization of sensor assets ata higher tactical level. 
mepresentative uses for sensors in this mode of employment 
include preassault area surveillance to assist in _ the 
Selection of landing zones, Surveillance along large scale 
defense perimeters, and surveillance and targeting of enemy 
approach and withdrawl routes to and from the beachhead [1]. 

Type III employment is the hignest level On 
employment, and is essentially strategic in nature. Control 
of sensor assets is passed to higher levels in the chain of 


command. In this mode, sensors are normally employed ir the 
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area of interest, where immediate combat action is not 
contemplated, but where continuous surveillance is 
considered necessary. Examples of sensor employment in this 
mode include employment along border areas tnrough which 
enemy units may pass, enemy airfields, hartors, and tase 
areas, or nominally nevtral zones [1]}. 

On the most baSic level, Sensors are normally 
employed in groups (hereafter referred to as arrays). The 
Sensors within an array represent a logical grouping, 
designed to provide as much information as possible about 4 
given area. The sensors provide multiple sources of 
merommernon So thet classification and tracking may te 
initiated on suspected targets. The configuration and 
Goemposition of a particular array is dépendent upon the 
Situation in which an array is emplaced, tut as a feneral 
mae, arrays may be brokenm down into two Gis time t 
Sesemeacations by metnod of employment: the trail array, 
amgmetagewarea array. The treil array is a grouping of sensors 
that is essentially linear in nature; the array is usually 
Smplowed along a well-defined avenue of approach, such as a 
road or a trail. Information derived from this type cf 
contigeuration presupposes that the access (Ome) S 
configuration is limited in nature (i.e. access is usually 
initiated from the ends of the array, proceeding along the 
entire length of the array. The sensors are deploved so as 


to take maximum advantage of that characteriStic. An area 
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Pumcy,eon tae Owner Hhend, is usually employed to cover a 
given general area. Unlike the trail array, tre sensors of 
memo conrieuration must be positioned to provide maximum 
coverage, as opposed to maximum utility. In both tyves of 
arrangements, mixes of Sensors are normally employed to 
provide the maximum amount of information possible. Sensors 
mmc oom be rouesnly G@iviced into two classes: detection-only 
type sensors, which are normally utilized to detect a 
target’S presence (but are not normally used to classify a 
target), and classification sensors, wnich are normally used 
to classify the target. AS noted before, a mix of both types 


of sensors is normally found [6]. 


4. Advantages of Remote Sensor Employment 


The employment cf remote sensor surveillance systems 
provide some unique advantages 4&5 compared to other methods 
of intelligence collection [1]. Among the advantages are: 

a. Timeliness 
Remote sensors can be employed to acquire 
information ina timely manner; i.e. real time or near real 
time. 
bd. All Weather 
Remote sensors are Sienificantly less weather 


restricted than most other means of information collection. 
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c. Full Time 
The majority of remote sensor devices crerate 
peeeeout reéfarc to conditions of fatigue. 
d. Sxpendability 
All remote sensor devices are expendable and may 
be employed in high risk environments. 
e. Survivability 
Areas in which remote sensor devices are emploved 
may be attacked by Supporting arms with a high derree of 
probability that the remote sensor devices will survive 
undamaged. 
f. Covertness 
Properly emplaced, employed, and concealed, 
mre SensoOrmdevices Can remain uncetected. 
oe, «ere lity 
hemovewSensoreecevices may be wemploywed in a 
memme yy Of Situations or in a variety of configurations, and 


mongece E€mplaced by a variety of means. 
5. Disadvantages of Remote Sensor Employrent 


The employment of remote sensor surveillance devices 
meas ittSe diSadvamtages as well f[ilw The most notable 


disadvantages are: 
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a. Figh Cost 
Most remote sensor devices, because of the 
desired collection capabilities and the required ruggedness 
built in for field use are relatively high cost items. 
db. Limited Discrimination 
Present generation remote sensor devices have 
memeevea Or no ability to react to more than oné€ type of 
mermivation stimulus. 
oe Limited Life 
Remote sensor devices are dependent upon battery 
power, which limits the useful lifespan of the device. The 
lifespan is further limited by activation rate and activity 
Barve . 
a anming 
Present generation remote sensor devices which 
report by radio link are susceptable to active interference. 
e. Range 
The detection range of most present generation 
remote sensor devices is quite limited. 
Poca t lon 
Given the limited range of most devices, the 
effective utilization of the devices frequires accurate 
ieimormarzon about its location. 
g. Enemy Reaction 
Remote Sensor devices are subject to destruction, 


removal, or boobvtrapping by enemy forces. 
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6. Factors for Consideration in the Employment of Ground 


Sensor Devices 


The effective use of remote sensor devices in a 
moe ical environment depends largely upon a4 thorough 
knowledge of tne current tactical situation ane of planning 
considerations which apply to the intended area of 
operations [1,5,7]. Some of the factors to be considered in 
the employment of remote sensor devices are: 

aepMission of the Unit Being Supported 
The task of the unit to he supported by ground 
Sensors has a direct bearing on the number and type of 
sensors used, and the method in which thev will te eEmploved. 
As an example, if the unit to be supported is conductine an 
attack, then the ground sensors in support will likelv te 
employed to give that unit commander as mucn information as 
possible about enemy troop movements in that immediate area, 
especially along likely avenues of approach. 
b. Type of Coverage LTesired 
The type of coverage desired will determine the 
number and types of sensors used. If, for example, blanket 
coverage of a particular area is desired, many more senscrs 
of all types will be required. 
Cee onraineAspects 
Remote sensors are affected to varyine degrees by 


terrain fectors. Some of the factors to be considered ére 
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soil type and composition, vegetation (size, type, and 
gensity), limitations of VODOSneADny, GOed adad trail 
networks, waterway networks and associated tide levels, 
ambient seismic and acoustic tackfround noise levels, and 
indigenous population density. Tnese factors will affect the 
Mommebiiity of different classes of se@nSor output to varying 
degrees. 
d. Weather Considerations 
Remote sensors are affected to varying degrees by 
weather factors. The following factors are considered 
Pempenent to the planning for use of ground sénsors: 
precipitation (type, quantity, duration, frequency, and 
effect on soil compaction), wind velocity and direction, 
meimeeed ty, and cloud cover. 
Swe nemy Consiceretions 
ractors about the enemy to be considered incluce 
ieweevrty, intensity, and method of conflict. 
£. Support Requirements 
Among the support facters to be considered for 
Semoore operations ere Operator proficiency, equipment and 


personnel available, and methods of delivery. 


7. Methods of Employment 


The delivery of remote sensors can generally de 
divided into two broad catagories: a@ir and ground celiveryv. 


A third method, delivery by artillery, is currently being 
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developed and will be an available option when a new 
generation of ground sensors is fielcec. Air delivery may he 
accomplished ‘by means of selected fixed Or = roterm™ winged 
aircraft in the Army, Navy, and Marine Corps inventory. 
Aerial delivery is usually the most feasible means of 
delivery for sensors designated for type III employmert, ocr 
meet ype tf employment sensors in areas that ere heavily 
dominated by enemy forces [5]. The primary disadvantage of 
aerial delivery is the resulting loss of accuracy than 
occurs when sensors are dropped from vehicles that are 
moving at a moderate to high rate of speed. In contrast, 
hand emplacement is generally considered to te rore 
accurate, and is usually accomplished by the team that is 
directly controlling the sensor assets [1]. The primary 
disadvantages of hand emplacement are the weight limitations 
mieeisca Cy the manudl mode of transport, the susceptibility 
to enemy action on the part of the emplacement team, and the 


lack of range that an emplacement team enjovs. 
G€. Remote Ground Sensor Equipment 


As was mentioned previously, the present generation 
of ground sensor equipment was originally designed for use 
in Southeast Asia. Fresently, a full allowance of pnase [ITI 
equipment (the direct product of the modifications made to 
the original equipment design) has been provided to eaéch of 


Miemet@ree active Marine Corps divisions ({1]. For a full 
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listing of the equipment presently availatle. refer to rez. 


2. 


Pim newt othowimesdiScussion only that equipment which 
pertained to this thesis effort is discussed. For a detailed 
description of the equipment currently in the Marine Corps 
[Pmamentory, consult ref. 4. A description of the equipment 
can tbe broken down into two areas: sensor devices that were 
actually considered, and recording equipment. All other 
component items (radio relays, antennaes, and the like} had 
no bearing on the thesis effort and hence were ignored. 

The piece of recording equipment that was of interest 
to this thesis effort was tne signal data recorder. 
Actually, this piece of equipment had no direct impact on 
the thesis itself, but as it vresently serves as the means 
of interface between the sensors, and the operator, it was 
fmeemeeomat a brief Study of this dévice would assist in the 
understanding of how the present system functioned, which in 
minmmmrent provide some clues as to how to approach the 
problem. The recorder is actually a Simple plotting device, 
an X/T plotter. Information (i.e. activation signals) are 
represented graphically in one dimension (the “X- 
dimenSion). Time histories are kept of the activations as 
the paver moves by the the graphic pens of the device at a 
fixed rate of Speed (the “T dimension). Activations are 
thus recorded as tick marks, and are time ordered, being 


displayed eraphically as they occur [8]. It iS these sets 
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Poieeemen Sensor Operator interprets. An example of this type 
Someurouc is given in figure i. 

Prewonly sensor considered for the thesis effort wés 
a MINISID (in the seismic only configuration). The MINISID 
Hesponds to sé€ismic activations; that is, it detects 
vibrations in the earth that occur when a person or vehicle 
causes s@€ismic activations within its detection radius. When 
a person or a vehicle moves across the ground, vibrations 
are caused by that passage. If a seismic sensor is sensitive 
enough (i.e. the activation is within the sensor’s detection 
radius) then the sensor will detect the vibrations and 
transmit a signal indicating that a detection has been 
accomplished. Once the transmission iS sent, the Sensor 
“turns itself off (inhibits itself) for a fixed length of 
meme. ine minisid functions in precisely tnis manner. 
Diferent sensors usually have different levels of 
sensitivity depending on the type of targets the MINISI? is 
no exception. The MINISID has an inhibit time of ten 
seconds, and is classified as a detection-only sensor. 
Functionally, the MINISID of capable (on the average) of 
detecting a person at a distance of thirty meters; for 
vehicles, the MINISID is capable of detection at a distance 
of one hundred meters. (This varies considerably with the 
operating characteristics of the sensor itself, the tvpe of 
the environment in which the sensor iS placed, and the type 


of vehicle itself - the detection radius for a tanx is 
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normally about five times the above statec distance}. A 
MINISIT weighs nine pounds [&], and haS a minirum rated 
lifespan of thirty davs (the actual lifespan may be quite a 
bit longer - it is dependent upon the activation rate of the 
sensor over time). The MINISID is unique in that it can 
operate independently (in the “seismic only’ mode) or it can 
act in concert with (attached to) other sensors. This thesis 


considered the MINISID in the ‘seismic only’ mode. 


C. AVAILABLE METHODS OF PROCESSING GROUND SENSOR INFORMATION 


Other attempts have been made in the past to mechanize 
the processing of ground sensor information, or to enhance 
the operator display to facilitate processing. To date ncne 
of the developed methods have been implemented by the Marine 
Corps; the method of processing ground sensor information is 
still manual in nature. Several of the other methods are 
mentioned in pasSing to give the reader an idea of the scope 
aueeene Girection of previous efforts. Finally, the present 
manual method of processing ground sensor informaticn is 
me vane wed , 

Probably among the first innovations, TMP (Terminal 
Message Processor) attempted to enhance the operator displav 
to facilitate processing. Enhancement was obtained by 
Mmetemnews a Simple logic circuit between the rec€iver and the 


plotting device. When the threshole for activations per unit 


2e 





time was reached or exceeded, a pen burn (a solid 
activation mark on the chart vaper) was caused. As long as 
the activation rate per unit time continued to meet or 
exceed the preset threshold, the pen burn continued. This 
distinctive marking on the chart paper attracted the 
operator’s attention; the rest of the processing cycle was 
manual in nature [9]. 

Mipeermnemore SoOpristigated, attempts used a computational 
(mathematical) approach to the processing requirement. An 
example is the ATTAC alogrithm [1¢@], which seemed to te 
about the most sophisticated method encountered in the 
author’s literature search. ATTAC divides the problem area 
mee functional spacés and uses, toa degree, different 
computational methods to process each different area. The 
alogrithm is based in part upon time/distance formrulas, in 
Pee ponm outside information Supplied by the user, and in 
part upon statistical analysis of the historical data base. 
ATTAC is mentioned as the problem structure of the élogrithm 
was used as a Starting point in the design of the pretotyne 
moeeauction system. 

Manuel processing of raw se@€nsor data and of sensor 
derived information is the present method used by the Marire 
mompsee sensor operators. The method is the same whether the 
TSC modules operate independently or as a unit. Within each 
modvle (which is a van, correctly described as the 


Battlefield Area Surveillance System [BASS] van) [4], 
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recording devices (described previously) are located. The 
number of sensors and the configurations will vary according 
Momeeere Lact ical  Situdtion, but the sensors are normally 
grouped logically when attached to the plotter so as_ to 
meemritate recognition of target activations when they 
occur. An operator may redefine this grouping as needed as 
the method of switching iS manual (the sensor receiver leads 
are physically plugged iPiinometnee plotter “jacks, . As 
information is received, indicated by “tick marks on the 
plotter paper, the operator looxs for distinctive patterns 
(generally a Stairsten type of arrangement, aS activations 
are usually received in a typical array arrangement ina 
time~ordered fashion). When a distinctive pattern is 
Mmeemenized, a target track is initieted - the operator 
calculates the target’sS velocity, and coupled with any other 
type of information he may possess at the moment (such as 
data froma classification sensor) he makes a determination 
es to the tyne, number, direction of travel, and speed of 
the target. This information is recorded ona standard 
neport form, and the information is then passed to the next 
level in the chain of command [5,6] In this manner, 
information is input into the intelligence system and the 
tactical reporting system. For a detailed description cf the 
wornews processing techniques available to the operator, see 


rere. 
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Piers DSS TCN 


This chapter is divided into two major sections. The 
pirst Section discusses the structure and ee 
Characteristics of knowledge-based oroduction systems in 
general; the second section details the design of the 
prototype production system developed as a result of this 
thesis effort. In the discussion of the prototype system a 
definition of the provlem is given, the system objectives 


are descrited, and the Structure of the system is discussed. 


EB. GENERAL 


The discussion of knowledge-based production svstems is 
further broken down into five sub-areas. The first is a 
discussion of the Forwc ture and characteristics of 
knowledge-based problem solving vroduction systems in 
general. The second iS a discussion of appropiate and 
inappropiate domains for knowledge-based production systems. 
Mieewethird and fourth Sub-areas are a discussion of the 
advantages and the disadvantages Or knowledge-based 
production systems. The fifth is a discussion of the unique 
features of &@ hierarchical production system, which is the 


pemvmeurar Classification of the prototype system develcped. 
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The frst four subareas should give the eader an 
Mmeverstanaing of the structure, characteristics, and areas 
of employment for knowledge-based production systers; the 
fifth sub-area snould allow the reader to build upon that 
understanding in the domain specific to the thesis-related 


problem. 


1. Structure and Characteristics of Knowledge-based 


Problem Solving Production Systems 


A problem solving production svstem may be viewed é&s5 
consisting of three basic components: a set of rules, a data 
base, and an interpreter for the rules [2]. A rule is an 
independent ‘chunk’ of knowledge about the problem space and 
Comes ts of two parts: a Situation recognition part 
ieemeatly an if clause) and an action part (a then 
Clause). The situations that trieger rules are Specified 
Seomemmations of facts that exist in the date base. The 
actions that are performed by the rules are restricted to 
betme assertions of new facts deduced directliv from the 
Mureezenime condition(s) [2]. The recognitiom part of a rule 
may be viewed as a passive operation of perception, while 
the action part may be considered as one or more primitive 
Opemations to be performed upon @ subset of the ceéta tase 
[3]. In this manner, communications between different rules 


in the syStem is both direct and restricted to ¢4& single 


Channel ~ the data base. 
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The data base iS a collection of all the facts known 


Pomumes system atout the world (the environment in which it 
operates) at a given moment. The interpretation of facts in 


mmom@ava base is dependent im large part upon the néture of 


meeeweapplication, but it is important to note that the data — 


base represents the sum total of information known to the 
system (i.e. the data base is unified). Unlike algorithmic 
methods or structured languages, in a knowledge-based- 
production system there is no provision for separate storage 
of control state information. The unified data base is 
universally accessible to every rule in the system, so that 
anything put in the data base is potentially detectable by 
any rule (S]. This has a definite impact upon the control 
muGweture of the production system. 

mieeintverpreter is the source of control for the 
Paoweeaee—besed production system. In simplest terms, the 
interpreter may be viewed as a select-execute locr, in which 
Piemervle applicable to the current state of the world is 
chosen and then executed. Its action results in a modified 
data base, and then the selection process begins again [3]. 
In the simplest production system this process consists of 
merely Scanning the premise conditions of each rule in turn 
until a match is found with a subset of the data base, 
feareetmmne tne action required by the rule identified, and 
then starting over. This alternation of selection and 


execution is an essential element of production system 
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architecture that is responsible for one of the fundamental 
enamacteristics of PoctMehnnon —Systems —- thes comrplete 
dependence upon the state of the data tase for control. Ev 
@ieosine a rule for execution on the basis of the total 
contents of the data base, a complete reevaluation of the 
control syStem is being performed at every cycle [3]. This 
is different from procedurally oriented approaches, in which 
control flow is dependent upon the process then bdeing 
executed and upon the ‘vélue of the control variatles, 
which may represent only a very small part of the 
information available to the system at anv given moment. 
With such an “unstructured control structure, 
Knowledge-based production systems are potentially sensitive 
to any change in the state of tne world within the scope of 
a Single cycle [3]. 

The above represents a tasis rom which any 
preoacwction System may be viewed. Many variations are 
possible, however; any departure from the ‘vure strvcture 
defined above is usually in response to the structure or 
complexity of the problem space. The simplest evaluation of 
Dromuction rules involves a matching of literals 
(system-specific atomic elements of information, usually 
represented by a single symbol) on the left hand side (the 
premise side) of the rule, and replacement of the matched 
literals bv the literal contained in the right hand side 


e 


(the action side) of the rule. This iS a Simple example of 





ToOmmerd @hdaining, whereby a conclusion is dréwn from the 
peewee ssiVe application of rules in a deductive manner; i.e. 
deductions are formed from a given set of facts. A diagram 
representation of forward chaining may be found in figure 2. 

fPvarrevionwmmear pe the matching of the rieht hand 
Side of a rule, with the action to be taken contained on the 
left hand side. This iS an example of backward chainine 
waerebywa hypothesis is formed about the state of the world 
and the data base examined to determine the ceegree of 
Summport present for the hyvothesis. This represents an 
inductive rather than a deductive process, andis well 
ist rated dm the MYCIN production system {11], which 
operates in the area of clinical medicine. A diagram 
representation of backward chéining may be found in figure 
2. Another variation is that the premise condition(s) might 
Demoecoemplex set of actions in themselves, such a5 an 
extensive searching requirement. This tecnnique is utilized 
in the FEARSAY production system [12] which operates in the 
area of speech reccgnition. 

The representation of data (in the simplest case. as 
a set of literals) and the control structure (in the 
Simplest case, no control structure at all) are also likely 
candidates for variation. The data representation might be 
multi-~dimensional, as is the case in the SU/X production 
system [13] or it may consist of complex structures. The 


order in which rules are evaluated may have é@ tremendous 
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eet lmen tmemerTriciency of a system, as an orderirg 
scheme may Significantly reduce the amount of actual 
processing required to reevaluate the control state every 
cycle. This requirement will be reflected in the control 
menmeture, which itself may be quite complex. A particuler 
variation is to pass control information explicitly in the 
data base to cause some predetermined evaluation order of 
meee proauction rules. Another more flexible means of control 
is through the use of meta-rules, as is done in MYCIN, where 
Mae problem of ordering rule evaluation is viewed @s just an 
extension of the problem space. Rules (meta-rules) that will 
cause the necessary ordering may then be formulated anc 
applied, thus extending the knowledge of the program in a 
uniform manner. Carried to the extreme, the technique of- 
implementing higher order rules can be advanced to any level 
desired. Yet another method of ordering rule evaluation, 
decomposing the prohlem space inte levels, is later 
described in detail. Each of the above variations (and 
others not mentioned), while seemingly better fitting a 
system to a particular problem space, may in fact induce 
Gampuacations in the operation of that system. This may 
prove to be a limiting factor in the utility of such a 
Soorecmeradtesad laters date, as more information 4abovt the 
problem space is obtained. Nevertheless, the performance and 
structure of any given knowledge-based production system may 


still be viewed with respect to the concept of the pure. 
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production system embodied in the three basic components 


described earlier. 


ee Appropiate and Inappropiate Domains for 


Enowledge-based Production Systems 


Program designers have found that production systems 
easily model some problem spaces ("space is defined to mean 
the sum of all possible problem states - the sum of all the 
possible combinations of variables in the problem set); sore 


problem spaces, on the other hand, lead to extremely awkward 


representations [3]. The first criterion for judging whether — 


a oroblem domain is adequate for a production system is the 
amount of information available abovt the domain. If ilittle 
or no information is available, a knowledge-based production 
eesvem Will probably be illesuited, as there is little 
knowledge to base the production rules upon. Likewise, an 
area in which knowledee is highly formalizec and structured 
will also probably be ill-suited; an algorithmic technique 
Pieeprobatly be more efficient overall. An example of this 
condition might be in the area of tinear Alevebra, where the 
amount of available information is large and highlv 
structured. A vroduction system to solve problems in Linear 
Aleebra might therefore te ill-svited, especially when 
Compared to the number of algorithmic techniques already 
available. The second criterion concerns the independence of - 


the knowledge orimitives (tasic knowledge chunks ) of a 
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problem Space. A problem Space in which knowledge atout the 
maeoeeme can be represented as the sum of many indepencent 
states (a state is defined as the values of the program 
variables at any given moment) iS probably well-suited to 
production systems, as each rule is an independent, modular 
“chunk of knowledge. Division of the problem space 
meeormation into production rules is therefore protebly 
natural and direct. A good example of this condition is the 
mee Of Clinical medicine, the domain in which MYCIN 
Operates. The sum total of information, both factual and 
Meereemental, about clinical medicine seems to be largely 
representable in a large number of basic states of 
knowledge, each indepvendent of the other. A tain 
distinction might be the complexity of control flow [@]. Tre 
Semeno: structure of a production system is normally simple, 
visible, and directed through 4 single channel - the data 
base. Problems requiring indirect or complex COoneurod 
Structures (complex looping or recursion, for example) are 
probably ill-suited to a production systems approach. 

Signal understanding tasks, of which the protlem 
under consideration in this thesis is &@ member, seem well 
Suited to the application of knowledge-based production 
systems when analyzed in view of the distinctions presented 
above. In many signal understanding areas, the amount of 
Pat Ormemnon Known about the problem space is large. tut is 


meither complete nor highly structured or formalized ir 
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Mopure, CSpecially in the task of correlation. Many Sienal 
Pm@erstanding tasks seem to be @& composition of méeny 
independent states of the protlem; an example might be in 
the area of acoustic signals, where the understanding of the 
signal is dependent in part upon the characteristics of the 
Signal itself, which in turn is dependent upon the Strength, 
source, propagation Characteristics, wavelength, etc. of the 
Signal. These divisions of the problem into its primitive. 
elements that mav each be considered separately reflects the 
nature of the problem Space - a2 protlem that consists of 
many independent states. Finally, the nature of the control 
Structure required to sucessfully frecognize and correlate 
Signals Pn svecific domains seems to indicate that 
Knowledge-based production systems can be readily applied. 
Mmemempretation of a signal in such an area is directly 
dependent upvon the state of the data base at that given 
[ormenut; the manner in which to proceed, dependent upon the 
State of analysis of tnat signal, also tnen seems to te 
dependent upon the State of the data base at that moment. 
Such a requirement for avariable control structure lends 
itself directly to application of knowledge-based vroduction 


systems. 


3. Advantages of Knowledge-based Production Systems 


From the foregoing discussion, several advantages of 


knowledge-based production syStemS are immediately apperent. 
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Representing knowledge as production rules forces a 
homogeneous representation of knowledge [2]. Fecause each 
production rule is independent of the others (at least in 
theory ie an incremental approach to competency is 
possible; reasonable behavior is demonstrable in a problem 
area where knowledge about the problem space is incomplete 
or inexact in nature. Fecause of rule independence, rules 
could even ve removed (to a certain point) and the system 
would still exhibit some sort of ‘reasonable, although 
reduced (in the sense of competency) behavior. With the 
proper representation of knowledge, the LIpuaey eve or 
heuristic knowledge of an expert mav also be modeled by the 
use of production rules. Unlike algorithmic techniques, 
production systems allow unplanned but useful interactions - 
a piece of knowledge can ve apvlied where and when it is 
appropiate [2]. Yinally, because production rules are 
modular ‘chunks of knowledge, a deduction represents a 
Chaining of the appropiate productions; explanation of 
behavior of a knowledge-based oroduction system is thus 


Paci tated. 


4. Disadvantages of Knowledge-based Production Systems 


Peveral diadvemvagceswaccrue when using the production 
rule method. It is sometimes difficult to express knowledge 
(especially informal knowledge) in a predetermined format. 


This gives rise to the expressing of that informaticn in an 
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moererect Menner, which might be difficult for the user to 
understand. In a large system, the addition of rules mav 
cause side effects not anticipated by the cesigner, such és 
when the insertion of a new rule directly contradicts a rule 
already in the system. Because of the non-structured :anner 
of the production system, changing a rule may lead to 
changes in other rules which may lead to still more changes; 
the cumulative effect may be difficult to control [3]. 
Finally, reevaluation of the program control state every 
iteration can be computationally expensive. This may tempt 
the designer to implement some svecial control structure not 
available Comeeeverymroroanectlom rules Inis is directly 
Sempradictory to the spirit of the control structure of a 


production system, and usually ieads to awkward ctrrcture 


modifications at a later date [3]. 
5. Fierarchical Knowledge-based Preduction Systems 


Eierarchical systems may be viewed in the sare 
context of the three basic components of production systems 
discussed earlier; the discussion of the problem domain, end 
the advanteges and disadvantages of production systems in 
general are all equally applicable. The distinctive 
characteristic of the hierarchical production system is the 
structure of the system itself. In a non-nierarchical 
Byotem, adil the production rules have eccess to the entire 


data base; this is one of the fundamental characteristics of 
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production rule systems. In a hierarchical system, however, 
Pae problem space and resulting data base is divided into 
distinct levels, usually proceeding from the less abstract 
momene more abstract. Typically, each production rule may 
have total access to only that part of the data base which 
it relates to. Instead of being global in scope, each rule 
normally concerns itself with only one or two levels of the 
data base structure. This in itself represents ea control 
Structure of sorts as control information is ro longer 
accessible to every rule in the system; the order of 
processing may in fact be precefined. 

Of course, a problem that is defined in terms of a 
hierarchical production system must be representable in that 
form - as a series of discrete levels of information and 
control. The advantage of a hierarchical structure lies in 
the fact that in a non-hierarchical system, the number of 
rules may grow so large so as to effectively prohitit the 
reevaluation of the control state every cycle within given 
meoolem Constraints, whereas ina hierarchical production 
System the tendency toward this characteristic is eliminated 
to a large degree. Actually, a hierarchical system may be 
thought of as a series of non-hierarchical systems, the 
Semput of a lower level becoming the input of the next 
higher level. Viewed in this manner, it is easy to see that 
the basic tenets of general knowledge-based production 


Systems are directly applicable. 
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Peo ee weinnre Or micrarchicadl production system is 


Pewter esAY system ([i2], which operates ir the area of 
meeecn recognition. Rather than consider the entire domain 
of the problem space on a single level (thus making tne data 
meee universally available to all the production rules in 
the system), EFEARSAY divides the problem of sreech 
understanding into six distinct levels, each level of which 
seems to represent a natural level of interpretation of the 
problem space. In the area of speech recognition, these 
leveis are the oparameter, the segment, the syllable, the 
word, the word-sequence, and the phrase [12]. A parameter is 
that digitized acoustic signal which is received in a ten 
millisecond time slice, and represents the most basic 
element of information in the HSARSAY system. The next level 
On eee on contains Segments, which represent hypotheses 
mot whet useful information is contained in the 
parameters. Syllables are formed from segments, words are 
formed from syllables, word-sequences are formed from words, 
and phrases are formed from word-Sequences, completing a 
cycle through the program levels. At every level, competing 
hypotheses are represented, reflecting the heuristic nature 
of the protlem. Viewéd as a series of single-level 
Beoauction systems, the output of a given level of the 
HEARSAY system represents the input to the next level. The 
information elements of any given level thus represent the 


atomic elements of information (ir which the representation 
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of the problem may be expressed) at that level. Froduction 
rules associated with that level of information need onl: te 
concerned with the classification of information with which 
they are familiar; partitioning of the data base thus has 
the effect of denying access to parts of the data base for a 


viven level of rules in the HEARSAY system. 


eee ROTOTYPS PRODUCTION SYSTEM TO PROCESS GROUND SENSOR 


INFORMATION 


This section is divided into two major sutsections, each 
concerned with a facet of the desien of the prototype system 
@evelopeéd as a result of this thesis. The first subsection, 
the overview, gives a definition of the problem and States 
the goals of the design effort. The sé€cond subsection 
details the desian of the prototype system, comparing and 
Someresting it with the structure and charécteristics of a 


model hierarchical production system, discussed earlier. 
1. Overview 


As may be inferred from earlier discussions, the 
problem space to te considered in 4 solution to the protlen 
of processing information from ground sensors is potentially 
immense. Different tactical Situations, different types of 
sensors, and different environments combine to form a 


problem space that is both highly variable and diverse. The 
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strategy POrmeeccmuhOne must therefore te variable and 
dynamically based; an adaptive capability on the part cf the 
meecessor is the rule rather than the exception. These 
Factors, however, represent only one facet of the protlem at 
hand. Of possibly more concern is the effect on the solution 
Space that the operator himself has. In the case of present 
operations, where the processor is human, the possible 
operator variability is large. Not all operators possess the 
Same degree of expertise; the amount and type of experience 
and treining that human opé€rators possess varies greatly 
fs). The intensity of the environment also affects 
different operators to varying degrees; the effects of 
fatigue on sensor operators is fairly well understood ina 
high intensity environment [12] but the tolerance range of 
individual operators in a given situation can only te 
surmised. As the amount and aquélity of the informétion 
available from ground sensors is at present dependent upon 
the human operator, it may te surmised that, even in a 
“perfect. (i.e. completely known and  vunéerstood) 
environment, the utility of such information in the present 
system is much less than is theoretically possible, simply 
because of operator variance. 

The goal of this effort was to demonstrate an 
alternate method of processing ground sensor information, 
which, if developed to its full extent, mignt vield some 


tangible benefits in the areas of consistency, flexibility, 
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mere liabtility. Since this problem area is similiar in 
mare to a host of others in tne military, it might be 
[eeerres that this «type of solution would be adypplicable in 
other related areas On processing and correlating 
information. It was realized that time and resource 
constraints would limit this effort to a small subset of the 
problem Spaces the immediate goal was therefore to design a 
"core system that would be capable of expansion as reauired 


or when possible. 


2. Design of the Prototype Knowledge-based Production 


>ystem 


At the outset, it was decided to retain as much 
conceptual Simplicity aS possible in the deSien. While 
perhaps not the most efficient method of implementation, it 
waS felt that a Simple desien would promote ease of 
understanding and allow for further expansion. The decision 
was made, therefore, that the deSiegn wovld reflect, to the 
Peecavest Extent possible, the structure and simplicity of a 
“pure production system, described earlier. 

several production systems already in existence 
meovidgec. CiuesS to the direction that the desien effort 
should possibly take. The two most influential svstems 
already in existence were the HEARSAY system [12] ané SU/X 
[14], both of which are faenerchical knowledge-based 


production systems. AS was previously mentioned, HEARSAY 
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meee ta une redim of speech recognition, and is essentially 
a forward chaining system. SU/X approaches the prceblem cf 
Mecoenition of Continuous sienals. and employs toth forwerd 
and backward chaining. The ccntrol structure of toth systems 
immer adiriy complex. 

The ATTAC algorithm, mentioned previously, provided 
clues as to the structure of the problem space; in fact, the 
Gesigners of the algorithm provided a structure cf the 
problem space that was useful as a Starting point for the 
design of the prototype production system. A number of the 
characteristics of the problem, some already mentioned, 
provided constraints to the design in one form or another 
and are listed below: 


a. The problem space was potentially a large search 
Space. 


b. Potentially diverse sources of knowledge, not 
only from the sensors, but also from tre operator, knowledges 
about the environment, knowledge about sensor 
characteristics, and ‘knowledge from outsidé agencies and 
nmistorical records tended to complicate the representation 
of knowledge. ' 

eon OUmeECRomEEar abit i ty. The possible noise that 
could corrupt system input has already been alluded to. 


[mane wpe r rental adporcdacn was nee@ed for systen 
development. It was anticipated that a need fcr iteraticn 
existed as additional information that impacted upon system 
Bomeeame aweaileable, 


e. Performance. For the purpose of the thesis, 
Sieemememdcy in thes sense of storage etilization and 
performance in the sense of the production of inforration in 
a timely manner were largely ignored, since the goal was to 
investigate and demonstrate a concept. It was felt, however, 
that some sort of reasonableness in terms’ of amount of 
computation should be siven some consideration. 
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eco remnerrdce. 1, was anticipated thet during e 

later stage of development a capability for the user to asK 
questions about the decisions the System made would te 
Mmacorporatecd. 
Given the above, tne overall design of an integrated 
production system was initially presented as 4 thesis 
proposal, and is presented as figure 3. Figure 4 represents 
mumeoiecyLudil Gidgram of the design of the production system 
Meseit in its present configuration. 

The concept of the blackboard for the representation 
of the eglotal data base was borrowed from the EBARSAY 
mem trecture directly. The blackboard is partitioned into 
Cistinct information levels as depicted in figure 4. The 
femporeunits on the blackbodrd are hypotheses, a set of which 
(at any given 16vel) is an inteneraraiien of a portion of 
Pee oroblem space at thet level. Hynotheses, therefore, are 
the primitive elements appropiate for representing the 
meeplem at that given level; each level becomes a different 
Pepresentation of the problem Space. It iS interestine to 
note that, while the present representation of the solution 
Space as a set of hypotheses iS a powerful mechanism, other 
advantages also accrue. In the present svstem configuration, 
many of the advantages of reoresenting the solution SVigdigewa> 
sets of hypotheses are just beginning to te Pe ae 
example, it iS possible to represent the ‘truth of a 


hypothesis conveniently throuveh the use of certainty factors 


[11]. This element has just been intrcducedé at the highest 
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levels that have been developed to represent an ordering 
Mameareyaeses by truth value. This implies that conflicting 
hypotheses may exist concurrently on a given level, and that 
the truth value of each implies some information atbtout the 
degree of conflict. Since a certainty factor may be adjusted 
Pmimeediy as more information becomes avdilatle, the 
widest range of solutions iS preserved for consideration. 
ener variations EGO FGeTinegs, are “possible; further 
Peeproitation is left tec future desien efforts. 

Mme decomposition of the problem space into levels is 
a natural parallel to the decomposition of the programs 
knowledge into Separate production rules [12]. Currently, 
the production rules need only concern themselves witn one 
or two levels of information - the level being operated 
meen, ana the level in which the result of the operation is 
placed. This is not, however, an irheren’t constraint in the 
system design. It is possible, and probably will be-ome 
practical to make multi-level transfers of information as 
more information about the problem Space is obtained. The 
levels themselves form the hierarchical structure of the 
problem, and may each conceptually te thought of as 
separate, independent Doo anc mron systems - thet pass 
information between themselves. The previous discussion 
womecmiude  KNlerarcnacal systems 15 directly eapplicatle to 
the pretotype system. 


The production rules of the prototype system adhere 


49 








to the general structure of a rule in a pure production 
System. The rules in the prototype system are organized 
Seeeetsively €S premise-action pairs. The premise part of the 
rule is frepresented by a boclean combination of conditions 
to be verified against the information on the bdlacktoard. 
Maye action part of the rule is a simple series of actions to 
be taken should the premiSe part be validated. Fecause of 
the nature of the information in the problem space, however, 
Substantial deviations occur from the simple concept of the 
verification and replacement of literals. A typical rule 
Structure iS more on the order of a FEARSAY rule, where 
possibly subhstantial processing is required to evaluate the 
left hand side of the rule, and not one but several actions 
meemeresuit from the verification of the left hand side. The 
rules themselves are organized by levelsS of information on 
which thev Operates and heave eet) et sete paraies 
independent, and aronymous, which should assist in future 
moalriCations to the system. 

AS has been noted, much of the structure of a pure. 
meoauctlon system has been retained in the development of 
the prototype system, but nowhere is this more evident than 
in the control structure. In the prototype system, as in a 
“pure production system, the rules are unordered within a 
Pavernmeniben level]. bach rule has €gual access to that portion 
of the blacxboard which all rules on that level have access 


Poeeine One SExXception to this design standard which was 
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imposed on the design is the condition trat intralevel rules 
must have priority to be scanned before any interlevel 
mures. This was necessary to insure completeness of the 
information level to be overated on before trying to pass 
merormetion to another level. This deviation is not regarded 
as serious since the same effect could have been achieved by 
including another information level for each set of 
intralevel rules. Processing in the correct order would have 
then been assured, but at the cost of adding another, 
[meme y duplicate, level of information. Since the two. 
descrited methods were equivalent comoutationally, the 
mewotOon Was made to conserve storage resources. 

At present, the processing method is strictly bottom 
Mepeeetaeat is, forward chaining is exclusively employed. 
Although rot an inherent design constraint, the logical flow 
of the protlem to date requires that all processing be 
completed at a lower level before moving to the next higher 
maeereecurrentivy, this seems to be a natural representation 
of the problem space; as new infecrmation is added, however, 
mec correspondence mav change. A change of that type can be 
incorporated with no modification required to the rule 
handler. | 

Miemniihe OdtGweneruselivsimoaly tests for the level to 
be executed upon returr from a previous level, and directs 
eonrrol tO the newly identified level of processing. [t is 


possible, therefore, to cycle tnrough the levels 
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progressively (aS iS the caSe in the present configuratior), 
or to jump between levels both in an upward and downward 
direction. AS a general condition, a rule which ovlaces 
Mmirormation on 4a iower level or intralevel returns control 
to that level, but aS was previously mentioned, this is not 
an inherent design constraint. This condition can easily te 
amended or reversed, as true control is dependent solely 
meow tne state of the blackboard. Control is thus very 
flexible, and in accordance with the principles of a ‘pure. 


production system. 
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IV. IMPLEMENTATION 


A. GENERAL 


The implementation chapter is divided into four rmrajor 
sections. This section discusses the prototvpe svstem’s 
general characteristics, the second discusses the structure 
Seeeeme prototype system. The third section presents the 
Sapavilities of the System in itsS present configuration, 
while the fourth gives an example cf one of the production 
rules of the system (a Sample calculation using the sample 
rule is also presented). This chapter is designed to 
familiarize the reader with the program Structure and 
mmeotions, and to provide the context in which the detailed 
code may be analyzed. 

The prototype system developed as a result of this thesis 
was written in the C languages the sysSter source coce is 
contained in its entirety in the detailed code. The program 
is designed to run under the UNIX operating system with the 
Standard I/0 package. The source code takes approximately 
Meow hundred: fifty-three thousand bytes embodied in five 
thousand seven hundred lines of code. AS evidenced in the 
Getailed code, however, the program is heavily commented 
which accounts for a large share of the source code size. 


The object code itself taxes approximately sixty-two 
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thousand bvtes. In its present configuration, the system 
contains 23 Separate routines, in 19 Separate files. The 
program as a unit is capable of and does allocate and 
deallocate storage dynamically so es to meke the most 


efficient use of available main Storage. 


Pe rROGRAM STRUCTURE 


maiemorogcram in its present configuration is structured 
impo) tive logical modules —- the data generator, the support 
routines, the core production system, the program data 
base, and the generator data base. Hach of the modules is 
detailed below. 

The data generator mav be logically broken down into two 
Subrodules: the target list handler and its associated 
support routines, @nd the data generation submodule. The 
tarzet list handler is responsible for the formation and 
upkeep of the target list (which Contains the active tereets 
for which data may be generated and their characteristics), 
Mimo r seprovIaGing= information about the target list to the 
user’s terminal or the line printer on user request. In its 
present configuration, the target list handler is capable of 
handling up to six different types of targets, coded and 


Classified as follows: 





type elassification 


g No target 

1 Personnel 

2 Whleene dane i ¢ le 

3 Tracked vehicle 

4. Rotary winged aircraft 
2 Fixed winged aircraft 
6 Shock wave 


Mee target list itself is Stored as a Series of five 
one-dimensional arrays, Poo ciculdh mT naex Serves 7 to 
identify that particular target's type, velocity in the X 
Mmmection, velocity in the Y direction, docation in the i 
direction, and location in the Y direction. At the present 
time, the target list handler is capable of handling up to 
ten different targets Simultaneously. At present. the user 
may acd or delete a target, change a target’s parameters, 
print the tareet list at his terminal, or write the target 
list to the line printer. The target list handler is user 
friendly in the sense that it checks for common or bDboundéry 
errors, reports the error to the user at his terminal if one 
Sceurred, and reprompts the user for the needed information. 

The data generation Submodule is responsitle fer 
eenerating the sensor data that would be produced if actual 
sensors were responding to the targets in the target list in 
real time. The generation submodule iS also responsible for 


writing the data generated to a permanent file for later 
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call and use by the executive routine of the main progran. 
The cata is generated dy comparing target and senscr 
locations, ana the Sensor activation radius for that 
Merticular type of target. If the target is within range of 
the sensor and the sensor is able to activate, then an 
activation is generated for the sensor. Activation data is 
meereac dS a series of bytes, one set of bytes per sensor 
track (a track is defined as a channel required exclusively 
by a sensor to report information). Zach byte of data 
Semrdins Six™bits of information; the first bit of a data 
byte is used for control purposes, and the last bit of the 
byte is always set at zero to prevent sign extension for 
storage and control purposes. The number of bytes (a set) 
per sensor track is dependent upon the time window (the 
length of the simulation period) and the number of 
iterations per unit time. At present, each tyvte or 
information represents Six-tenths of a second; the 
semiulation of a simulation veriod is thirty seconds. 

The data generator at present is a pure generator in 
tna t any target ageuivati@ms thatm@adre allowable ere 
faithfully recorded. This is in contrast with real world 
data generation in that real world generaticn would be 
complicated by random noise, uneven sensor aetection radii 
because of soil and atrospheric corditions, etc. Pure’ @ata 
generation thus simplifies the problem; this was considered 


aeeeoprate at nis point in the effort. The presert 
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configuration generates data for the MINISID (in the seismic 
only mode) type of sensor only (the sensor was previously 
Meentified in Chapter f1), but the structure of the 
generator makes it easily expandable when it becomes 
desirable to add other types or configurations of sensors. 
As a final note, the data generator contains a linked list 
meme ture, the use of which is hidden from the user. fhe 
nodes of this structure contain additional information about 
the sensor tracks and link the sensor to its particular data 
track(s). The routines of the data generator are grouped 
into a single file to permit easy removal should actual 
meput from real ground sensors become available. 

The support routines perform heavily used primitive 
functions (such as getting a one character, a floating 
point, or an integer response from the user) and as such may 
easily be modified to suit the medium of the response. The 
Smopert routines also include list primitive functions for 
the linked lists used in the program, and user query 
momtines for inputting aptornriauten iio the oe program. sire 
list primitive functions consist primarily of insert and 
delete routines for a node for every type of linked list 
used dy the program (there are currently twenty-two 
different types of linked lists), and write-to-printer 
moutines for every type of limked list. The write-to-printer 
routines allow the system developver to dump lists as 


required for program debugging and validity checking, and 


on 





are available eech program cycle. The final class of support 
routines handle user queries, give the uSer the ability to 
add information into the system, charge information already 
present, or delete information from the syStem. At present, 
the only routines actually implemented allow the user to add 
sensors into the system. These routines establish the 
conditions necessary to auement the system structure with 
meme w SENSOT automatically, or prompt the usr for the 
information required to establish the necesSary links. Like 
the data generator, these routines are user friendly. 

The core production rule system is the heart of the 
prototype system, and consists of the executive routine, the 
rule handler, and the production rules themselves. The 
executive routine operates in a cyclical manner, and is 
meeepousibple for controlling all of the other routines of the 
program in a direct or an indirect manner. The major 
responsibilities of the executive routine are to cause a 
response to user queries or to cause acceptance of user 
input or requests, to cause the sensor data to he generated, 
Demecausie the sensor data to be read in from the deta file, 
and to cause the data to be processed vy the rule handler. 
If the user inputs the stopping condition into the program, 
then the executive routine causes the necessary cleanup and 
Pommepation. routines to occuwr before stopping program 


erecution. 
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The rule handler processes the sensor information by 
invoking the various levels of production rules in the order 
Peqnired. The rule handler directs control to the production 
rule level of the indicator it receives; the level to be 
processed is thus dependent upon the state of the production 
rules which in turn are dependent upon the state of the 
blackboerd at anv given moment. In this manner, control is 
Meeentralized, and the spirit of the control structure of a 
knowledge-based production system (i.e. no explicit control 
Structure at all) is preserved. After the highest production 
rule level has heen invoked (i.e. that group of production 
rules which produce informétion on the highest level of the 
blackboard) the level handler returns control to the 
mecomtlive routine. 

Production rules are organized by the level of 
information that they operate on (for example, premise 
meoormation for production rules that is found on level 
three classifv these rules as level three production rules). 
maen production rule is a separate routine, and as such, is 
completely independent of all of the other production rules. 
hae premise pert of each production rule is executed in its 
turn, and if found to be true, the action part of the rule 
is executed. Rules are executed in the sequence that thev 
appear in a level, but this ordering is not at all important 


e~meept ads already noted in Chavoter II. 
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Secial comtrol Structures that would order the manner in 
mech production rules are scanned have al ele been 
implementec. 

The global data baSe contains the data structures and the 
program variables that comprise the blacxbcard. With the 
exception of program constants and declared external 
variables (such as the system clock), all tbilackboard 
information is represented as linked lists, and gives rise 
Memeetine structure detailed in figure 4. The types of nodes 
that comprise these lists and the information that they 
Gemtain are detailed in the program code. It is important to 
note that some of the lists are level-specific; these lists 
represent the particular levels of information depicted in 
figure 4, and are generally time ordered in arranzerent. 
Other lists, such as those that contain information about 
individual sensors, sensor arravs, and sensor fields ere 
“common (shared) by all the levels of information and may 
be thought of as being included on every level’s 
“accessible blackboard (that part of the blackboard which 
is atle to be accessed by @ particular level of nroduction 
rules). Many of the program constants establish prosram 
constraints and operating characteristics; for example, 
NPERMAP, a program constant defined on line 34 of the file 
pemvar.c in the program code, defines the maximum number of 
units per bit map, which by default iS the maximum number of 


Meme Oloeat1@Wec per aitay, arrays per field, and sc forth. 
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Teas -arfhanecement allows easy access to important program 


parameters, should change be ¢cesired. 

The generator data base contains program variables and 
data structures peculiar to the data generator. These are 
erouped together so as to permit easy removal should the 
data generator be removed. Any routines that reference data 
generator variables in the main program are specially marked 
bv bracketing lines of a slash followed by 22 asterisks 
followed ty another slash (such as the generate deta’ call 
in the main program on line 22 of the file grnsensr.c in the 


program code) for easy identification. 


C. PROGRAM CAPABILITIES 


The major program capabilities or program operating 
constraints (some of which have already been described) are 
summarized below: 


1. The data generator is capable of accepting and acting 
upon a maximum of ten targets simultaneously. 


elem pnocram sreegenizes Six distinct target types 
(plus a classification of no target - type @). 


3. A “time window , or span of time that a given sensor 
data set spans is currently set at thirty seconds. 


Seema ximim allowable number of sensors per array, 
arrays per field, and fields is sixteen. 


5. The rule base iS currently structured to evaluate 
sensor data only from sensors in a trail arrav 
configuration, Input will be accepted from sensors located 
in an area arrav, but will not be processed. 
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6. The data generator is presently capable of generating 
(and the program is capable of processing) data from the 
MINISID (in the seismic only configuration) type of sensor. 


7. The user iS presently able to add or delete targets, 
change target parameters,or print the target list if he so 
desires every processing period. 

&., The user is capable of writing any linked list to the 
Jou Set printer, inputting sensors into tiiaie system 
memrreuration, or Settine the proeram stopping condition if 
he so desires every processing period. 

9. The ovrogram is capable of generating up to and 
including applicable classification hypotheses (information 
level 5) for each event hypothesis (information level 4), 
less target count, target direction, and target length 
(implementation of these routines are largely mechanical and 
are considered a simple extension to the programs present 
capability). These classifications are based solely upon the 
Mees Of sensors available to the system in its present 
configuration. length (these functions are largely 
mechanical in nature and are considered Simple extensions to 
the present program capability). These classifications are 
based 


D. SAMPLE RUIE AND COMPUTATION 


An example rule is given below to give the reader a feel 
moemestne type and structure of the production rules included 
in the program (the rule is typical of those in the program 
in the sense of structure and function). A complete listing 
of the rules in their english language and their ccced forms 
may be found in Appendix A and the detailed code, 
respectively. An example computation, utilizing the example 
rule, is presented as fisures 5 and 6 to allow the reader to 
observe the manner in which the program (specifically the 


rules) Punctrens . Where necessary, required System 
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conditions and data structures are considered to have been 
€@already been established for the purpose of this example. 
The structures of the nodes in the example, although 
Semplified, ar& similiar to the structures of the actual 
program nodes. 

For the example presented, a standard’ situation was 
established Boe presentation. The Standard Situation 
Sonsists of: 


1. A trail array consisting of three MINISID sensors (in 
the seismic only configuration) deployed along a trail. 


2. HQual spacing of five hundred meters between sensors. 


S. The standard system parameters assigned to the 
sensors (ten second inhibit time, a detection radius of five 
hundred meters for tne given type target, a maximum expectec 
velocity for the target given of seventeen meters/seconée, a 
minimum expected velocity of two meters/second, an average 
meeoereveda velocity of nine point five meters/second, and 
standard activation settings - active, not hypersensitive) 


Peon oele  tareere type. trecked yehicle, initially 
located one hundred meters beyond the first sensor’s 
detection radius, and travelling at the constant speed of 
ten meters/second parallel to (over) the sensor string. 


The sample rule, listed below, is a production rule of 
Meee Provotype svstem that operates on information on level 
two, and puts the result of its processing on level three. A 
Mescription of the rule is as follows: 

eb orl:: 

IF a sensor is a Class III detection-only type 
sensor AND if it has filtered data in this time 
period, the Sum of which may extend beyond this 
time period, AND a valid set does not exist for 
this set of filtered date 


THEN define a valid set for the Sensor, insert the 
new valid set in the sensor’s valid set list, 
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fSrculatemiunentime Of tme centroid of the valid 
set, mark the valid set incomplete , set the 
VotCe se | eae ltemiame tO the present time, and set 

the valid set type to new 
Mae be ss cample Galculation, at time equal to thirty 
meconds (which is the length of the simulation period for 
data generation, and by default is the processing interval 
of the rule Set), the target previously described in the 
“stendard’ test situation has moved well within the 
M@emection radiuS of Sensor one, but iS Still out of the 
eetection radii of sensors two and three. The target in fact 
moved within range of SenSor One and was detectable at tire 
equal to ten. An activation was therefore caused at tire 
mma to ten. Since the sensors have an inhibit time of ten 
Seconds, Sersor one iS not able to activate again until tie 
equals twenty, which it does, as the target is still within 
Mmeemeaetection radiuS. Similiarly, an activation for Sensor 
one is caused at time equals thirty. This is the state of 
the data base known to rule 1213rl when its premise 
conditions are scanned, and is reflected in figure 5. The 


Dremise cOnditions are found to be true, and the action part 


of the rule is executed. The result is shown in figure 6. 
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VemeloeuoolON OF RESULTS 


A. OVERVIEW 


Mmeese Chapter is broken down into two sections: the 
section concerning testing of the system, and the section 
concerning the results obtained because of that testing. In 
the section concerning system testing, the method of testing 
memeescribed, and test situations utilized to performance 
test the system are described. In the results section, the 


meets of the performance tests conducted are detailed. 


PaOncon cuer= CUM? ONwo 1 STEM 


tad 


Be. TSSTING OF TE 


Testing of the prototype knowledge-based DEOewer. on 
System may be logically Separated into two distinct areas: 


validation testing, and performance testing. 
1. Validation Testing 


Validation testing concerned the testing of all the 
logical components of the prototype system to verify that 
they performed as expected (i.e. that not only were results 
produced in a controlled Situation, but that the results 
were the ones anticipated). This classification of testing 
was essentially exhaustive in nature - each main data path 


Meech module was tested to insure that the results 
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obtained by exercising that data path were the results 
expected. Testing was conducted in a bottom-up fashion, 
Starting with the primitive routines of the system and 
proceeding through the system support routines, the program 
modules themselves, the interface between modules, and 
finally the system itself from the lowest level of 
processing to the highest. Testing was conducted in an 
iterative manner - when testing of a given level revealed a 
Structural flaw ina lower level, testing revertec to that 
lower level upon correction of the flaw. In thiS manner, 
undesirable side effects caused by making changes at lower 
program levels without investigating the effects of those 
changes were e@liminated. AS may be Surmised, this testing 
effort consumed much of the time originally alloted for 
Overall testing of the syStem. AS a result, the degree of 
System development and performance were Sieniticanmyly 
reduced. A beneficial side effect is that there is a fair 
degree of confidence in the limited results produced dy 
performance testing, it is felt that the results of the 
performance testing actually conducted reflect the present 


State of system development and expertise. 


- 


2. Performance Testing 


Performance testing was conducted through the use of 
“standard sensor scenarios. These scenarios were provided 


by a Marine Corps officer here at the Naval Postgraduate 
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menocdla, Captain Charles ee eliet.. Captain Dublin had 
previously been connected with the Marine Corps ground 
sensor program in the capacity of a SCAMP platoon commander, 
and was familiar with sensor operations. Captain Dublin, 
provided with the prototype system’s knowledge capabilities 
and syStem limitations, detailed two Standard scenarios 
that would exercise the program’s capabilities, and perhaps 
reflect the vrogram’s limitations. These two scenarios may 
be roughly divided into two different classes of problems: a 
Single target Scenario, involving one sensor trail array, 
and a multiple target, single type, single direction 
scenario. These scenarios or their derivatives were used as 
a besis for all performance testing conducted, and are 
presented as follows: 
meocenario Numoer One 

scenario number one consists of a single trail 
array composed exclusively of five MINISID Sensors in the 
feremic. only configuration, spaced at unequal intervals 
(later selected to be four hundred, five hundred fifty, 
three hundred, and seven nundred meters, respectively) to 
memevide overlapping and non-overlapping detection radius 
coverage. Planning detection radii (meters), minimum, 
average, and maximum target velocities (meters/second) were 
left at the system default conditions for the system, and 


eee presented, by type, as follows: 
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Target type min vel avg vel max vel det rad 


Personnel oo aS Dee See 
Wheel veh eae 14.2 AS o 122.2 
Track veh 2.0 2 Line EGE .2 
R/W A/C 20.2 68.2 120. SS Cre 
F/W A/C 92.9 172 .@ 252.2 70 .@ 
Shk wave 55¢ .@ 558.2 352 .¢ 95¢.¢ 


The inhibit time for each sensor was the system default (ten 
meconds for all sensors). All sensors were considered active 
and functioning normally. The target chosen was ae tracked 
vehicle with a constant Speed of ten meters/second, 
initially placed one hundred meters beyond the detection 
radius of the first Sensor it was to encounter. The 
direction of travel for the target was parallel (over) the 
meieor. string, passing through the detection radius of each 
sensor in its turn. 
%. Scenario Number Two 

The sensor array configuration, the sensor 
Spacing, and the sensor operational characteristics are 
identical to those presented in Scenario number one. The 
target, however, was changed to-.a column of four wheeled 
vehicles, all travelling at a constant speed of thirteen 
meters/second. AS in Scenario number one, the direction of 
travel is parallel to (over) the sensor array. All vehicles 
are equally Spaced initiallys a distance of one hundred 


fifty meters is maintained between vehicles. As in Scenario 
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mumber One, the lead vehicle is initially placed one hundred 
meters beyond the detection radius of the first sensor 


encountered. 


Bee SREORMANCE TEST RESULTS 


The test of the system using Scenario numter one revealed 
that the system correctly identified the target as a tracked 
Moemmcre with a certainty factor of .é€76, and a finel 
receréed velocity of 10.02 meters/second. An alternate 
classification, that of a wheeled vehicle with a certainty 


factor of .1928 was also establisned by the system. A 
detailed time period ty time period analysis of system 
hypotheses revealed that the system had early on considered 
aS many as three target classification types, tut as more 
information became available to the system (in the form of 
input from all the sensors in the array and from more 
complete activaticn sets from each sensor) the system 
Merrowed its choices of classification to the two final 
target types describded, and adjusted the certainty factors 
accordingly with the increasing amount of information. 

The results of the multiple target scenario were not as 
clearcut. The system correctly identified the type of target 
meeeeceeecertainty -factor of  .722 and a velocity of 213021 
meters/second, but only identified one target instead of the 


Memreactually present. The other classification produced was 





an alternate (competing) classification; it was that of a 
mracked oiaene Wemcmcemhainty factor of .275. Upon closer 
inspection of the system intermediate operations and 
classifications, it was discovered that the combination of 
target speed and separation distance produced overlap - that 
is, a trailing vehicle wovld enter a Sensor’s detection 
range vefore the preceding vehicle had a chance to exit that 
Same sensor’s detection range. This resulted in Spillage of 
one alarm set into another, 4a condition that the system in 
its present configuration is not equpped to handle. In this 
eaoe, lacking information to the contrary, the system had no 
choice other than to consider each Sensor activation set as 


Semornuous, and hence resulting from one target. 


D. CONCURRENT TESTING 


The above two tests were by no means the only tests 
conducted on the system; tney are ovresentec as a 
Meme oemuative sample of the type of tests conducted and the 
nature of the results cbtained. One objective of the thesis 
effort, already mentioned, was to demonstrate that knowledge 
could be added to the system in an incremental manner. This 
waS accompliShed in part by the modification or replacement 
of several of the system’s rules to reflect a small increase 
in the knowledze base of the syStem. A representative 


example is the elimination of rule lilergd and its 
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Mepiadecement by lilzri, both of which are detailed in 
Appendices A and B in their english langvage énd coded 
forms, respectively. In the original rule base of the 
system, of which lil2r@ is a part, all sensor activations 
are considered to be valid as received ~- vagaries in sensor 
mumormance cherdacteristics are ignored. In this manner, all 
Sensor activations are received and passed directly into the 
System data base for further processing; the sensor status 
remains unaffected whether a sensor is verforming properly 
mmenmot. censors do behave Erratically on occasion, however; 
if an erratic Sensor is allowed to influence an ongoing 
meeeiosiitication then 4 skewed or 4n erroneous classification 
will result. The replacement of 1l1llér0 by 1112rl was 
designed to add some additional information into the system 
@omeertning the detection of a sensor in a nypersensitive 
condition (defined as the condition that results when a 
sensor becomes hyperactive and transmits activations whether 
a target is present SO Mamitn the additional 
mooormation, the System successfully identified end 
eliminated from consideration a sensor that was forced to 
become hypersensitive (through the simple mechanism of 
placing a target with zero velocity directly on top cf the 
Sensor). This represented a previous improvement over a 
previous test in which cite system included ioe 
mMaerunetioning sensor in the classification calculations, 


thus generating a false classification. It is sufficient to 
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note that, although this represents an improvement in system 
eueeeee in that area, it by no means represents perfect 
informaticn in that area. A sensor tnat chose to malfunction 
maeodemsmecadie€ of a classification formation invarieébly 
skewed the result. More complete information, perhaps 
mame ony cClassification to be redone when the condition 


is finally identified, seems to be a reasonable approach. 





VI. CONCLUSIONS AND RECOMMENDATIONS 


A. CONCLUSIONS 


From the limited testing conducted, and the limited 
nature of the subset cf the problem space that was chosen 
for investigation, it was difficult to draw anv sweeping 
conclusions concerning the applicability of a 
memwedee—based production to this class of protlems. The 
fact remains, however, that in the limited time available 
and with limited resources, a2 production system that 
performed reasonably over a small subset of the problem area 
was developed. It appears to be feasible to apprcach the 
problem On analyzing and correlating ground sensor 
information throuen tke utilization of a knowledge-based 
production system. No Claim is made concerning the 
Optimality or even continued feasibility of representing the 
data space of the ground sensor problem in the manner 
described in this thesis; it is recognized that this attempt 
at solution mav bear little resemblance to an operational 
production system, should one ever be implemented in this 
Particular area. — all the caveats above, however, it 
seems reasonable to assert that knowledge-based producticn 
Systems offer a possible means Dae someon FO this problem 


area that ought to be explored. 


/ 
f 
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Pyven in SUCN @ lifiited effort, tke advantages and the 


movential of a knowledge-based producticn system were 
apparent. The ovotential adaptability of tne Con io | 
meructure allowed a tremendous flexibility in the prototype 
design, even at the present level Ow cevelopment. 
meecumstances can already be forseén where multilevel 
transfer of information will te desirable (as in the 
moertiton of the capability to process information from 
Classification types of sensors, which should provide direct 
confirming ciassification information from baSic data level 
meput ) thus bypassing several intermediate levels of 
processing. A change of that magnitude in a corresponding 
Zmemerrtomic technique would potentially be difficult and 
might even force in a complete redefinition of the problem 
or a major PEOcrane res  ructuring.,. In the prototype 
production system developed, however, no change at all is 
mequired aera Hae Control structure to allow for ‘the 
processing of that new form of information. A unified data 
base, properly represented, Hee oe itow, “the user to 
eventually query the system as to the reasoning for system 
deductions made, and will allow the syStem to respond in an 
Mmeeerstandable and a us@€ful manner. The global Pas) 
feeerte Gata base alSo maxes introduction of meta-rules 
possible to establish a uniform control structure to 


establish the order in which production rules on any given 


eee 


level are considered for evaluation. |Representing knowledge 
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Pout the problem space in the form of production rules 
allowed an incremental approach to the level of competence 
meareved by the system. It became apparent early on that 
representing information as independent, modular ‘chunks of 
knowledge facilitated the initial establishment and testing 
of, and the later augmentation of, system knowledge as 
presently embodied in the prototype system. 

The last, and perhaps the most important advantage of all 
meenrued by Structuring the problem in terms of a 
Pombedre=—baseéd production system was the ability of the 
System to conveniently represent and process competing 
hypotheses Simultaneously. Pn the present system 
configuraticn, with its relatively simple classification 
Scheme (based Solely on the difference between the measured 
average velocity at 4&4 given time and the the median expectec 
Memocity for a given class of target), this ability is not 
@mrrcally importéent. As knowledge is added to the systen, 
however, both in differing form and in increased scope, this 
capability will almost eer tage y a Sian a ereater 
importance. Simply expressed, different hypcetheses at any 
given level of program knowledge representation expresses 
the sum total of what the system knows about the problem 
State at any given moment. Since the system is sensitive to 
any change in the state of the world within the scope of a 
Single cycle, and Since that change will be immediately 


Beetected in 4 change to oné or more hvpotheses, the user is 


igs. 


v 





potentially kept informed of even the slightest change in 


the environment in which the system is operating. It must te 
noted that any other representation of syStem information 
Mas the potential of hiding important information from the 
user. The representation cf the system state as a series of 
competing hypotheses is thus a very powerful means of the 
Meeresentation of system information. 

The diSadvantagesS and uncertainties of the prototype 
procuction svstem developed must also be reported, however, 
Momeney reflect upon the applicability, ‘cost. and the 
limitations of knowledge-based production systems as thev 
apply to this type of problem area. AS indicated by the 
figures given previously, the cost in terms of storage 
utilization for the prototype SyStem iS relatively lafree. 
Given the small numter of production rules supported at 
present, this cost at first Seems inordinate. Allusion has 
already been made to the amount of duplicity that is found 
in the coded production rules; a price iS certainly paid to 
Puarantee rule independence. This disadvantage should be 
tempered by the realization that the choice of language made 
to implement the system was definitely not an optimal one, 
and in fact may centribute to this problem to a significant 
cegree. As the svstem design progressed, it became apparent 
that the majority of primitive operations that the system 
Derrormed were of the list procéssing nature. A list 


processing language (a good example of a language 
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Bmeciticdlly designed to process lists is LISP) would 
probably have represented a better choice Oia 2 
implementation language. Nevertheless, one of the 
disadvantages to keeping information chunks independent is 
that some rules are duplicative in nature, and if the size 
of the rules are large in general, the storage cost will te 
Perch . 

The most serious disadvantage, it was felt, was the lack 
of a degree of confidence that the representation of 
knowledge (as represented by the form of the data base and 
the production rules) was adequate in nature. The 
mepresentation of knowledge is diverse and hotly debated 
topic, there is very little in the way of guidelines on how 
to adequately represent knowledge in any domain. There is no 
assurance that any further advancement in the orctotyne 
production system developed will not lead to disaster in 
Germs of representing the classes of information that must 
be considered to adequately represent the problem space. 
This lack of assurance is common to an algorithmic approach 
also, perhaps even to a much greater degrees, since one small 
change has the potential of collapsing the entire control 
structure of $uch a system. The realization that ‘adequacy. 
of the Structure of information representation is not 
demonstratle in any Known sense (even given the inherent 
Plexibility of the Contre! structure) is somewhat 


disquieting. At present, it cannot te demonstrated that the 


ae 





approach presented Mieco aesien effort offers the 


mecessary flexibility to overcome major conceptual changes. 


B. RECOMMENDATIONS 


iaerefzards to the prototype system developed, it seens 
desirable to continue the development effort. Although a new 
generation of se@€nsors is being developed [REMEASS], and 
various techniques are being explored that classify targets 
at great ranges [NOSC], the basic problem of correlation of 
that information, once recieved from whatever means, in a 
useful and Laebyeamanner remains. Certainly, further 
development and expansion of the prototype system develonped 
meee result of this thesis is encouraged. Much information 
about the problem space was derived from this effort to 
Doeeement a simple system. Much of the processing required 
on the lower levels of the problem, which at first Seemed 
Mmeomolicateéd in nature, actually required some rather 
complex primitive actions to be taxen. Continued development 
memeonme. svstem presented will almost certainly produce 
further insight as to the nature of the problem space, and 
the knowledge and processing required to represent énd 
produce scluticns in the problem space. 

As may be inferred from the foregoing discussion, it is 
felt that the application of knowledge-based production 


Systems offer distinct advantages in this and other related 
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Meocbem dreads. The inherent flexitility of the control 
eyotem ana the independent nature of rules in the rule base 
lend themselves to the incremental approach to a solution of 


*~ 


this class of problem. Certainly, as more (in terms of 
quantity) and diverse (in terms of potential sotees | 
arounts and types of information become available to the 
military command Structure at every level, the recuirement 
moea Niehiy adaptive control structure to process and 
correlate that information received will only increaSe, 
while the time allotted for the system to perform those 
tasks (whether the syStem be composed of machines or human 
beings) will surely decrease as faster fresponse times are 
demanded. Fecause more will be demanded, more will be 
expected, and in an increasingly shorter time frame. It 
therefore tehooves those who allocate the resources for this 
Memecity to allocate the available resources in an optimal 
fashion. Knowledge-based production systems seem to offer a 
viable method of meeting this challenge, especially 4s 
processing hardware becomes less expensive, wnile human 
mesources foe Cme iC re seo XPenStVe. Further research end 
investigation into this area of research is therefore 


certainly warranted. 
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Pewaesemsomers 2a ClasS Lil detection-crly type 


sensor AND if its activation value is greater 
Mienee Timed vpper tnreshold limit ANT if its 
activation value is greater than the average 
est temee mvation values for all the active, 
non—nypersensitive class Jil detectiorn-onlv 
type sensors in tne same sensor éerrayv AND the 
Sensor has been non-hypersensitive for the 
Mem@uemecmperliod of time 


TEBN set tne sensor te nypersensitive 


Sens@r wap if that s@usor is Rypersensit 
Melt errSeaectivation Value iS not greate 
mictmeomomwocmnoner turesnold limit Cn if its 
activation value is not greater than the 
average cf the activation values for ail the 
Sew vemmion—ny pemsensiihive class I[I1 
aetection-only type sensors in tne sare 

sensor array AND the sensor has been 

CP oersensitnmve 1Oret.e fTrequirea perioc of time 
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THEN set the sensor to non-hyversensiiive 


[Pcusics oree s ems lasigutl | geltection-oniy tyse 


sensor AND if tne sensor is inactive ANDL the 
Sensor has activation(s) for this time period 


TREN set the s€nsor to active 


IF a sensor is a class III detection-only type 


Vv 
sensor ANT if its activation value is less 
Dicmeaerixed lower tmhresaola limit ANT if its 
activation value is less tnan the tne average 
of the activation values for all the active, 
non-hypersensitive class III detertior-onlv 
type sensors in the same sensor array ANT the 
Seo etceebeen active for the required period 
of time 


TEEN set the sensor to inactive 
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i 2r@ IF a sensor is a class III detection-only type 
Sovegoeene rt it mas activetion(s) in this 
time period 

TEEN create a filtered data set for the sensor 
(type @ filtering) 


ei cri 1h @ sensor is @¢ class I1i detection-only type 
Sonsini tt it has activation(s) in this 
time period ANT if the sensor is not 
pune maen=1Live 
TRON create a filtered data set for the sensor 
(type i filtering) 


meer? IF a sensor is a class III detection-only type 
Sensor AND if it has filtered data in this 
Miicmpeh Cerne sum of which coes not extend 
Momccmcmomon the time period, AND a 
Valid Set does not exist for this set of 
Pane dered td 
THEN define a valid set for tne sensor, insert 
the new valid set in the sensor’s valid set 
list, calculate tne time of the Gen tn 61d .0s. 
ec mcieOmoe tamale tne valid set corolete ,. 
and set the valid set type to new 


merori If a s@€nsor is a class III detection-only tyne 
Senocteieedt it NaS filtered data in this 
time perioag, tne sum of which may extend 
beyond this time period, AND a valid set. 
Mceomlcimewmst fOr Phils) Set of tiltered data 
EN define a valid set for the sensor, insert 
the new valid set in the sensor’s valid set 
1ist, calculate the time of the centroid of 
the valid set, mark the valid set 
incomplete » and set the valic set type 
to new 


| mel or2 IF a sensor is 4 class [II detection-onlvy type 
sensor AND if it has filtered data in this 
time period, the sum of which does not extend 
beyond tkis time period, AND a valid set 
alreacy exists that is meaningful to tnis set 
Ge eee ged data 2 

Peonimewecpemrtat valid set , tiodate the time 

of tre centroia of the valid set, mark tre 
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valid Set complete , and set the valid set 
moe toe €xtensl on 


Peed emoorets ss ClasS II] detection-only tybe 
Sonoma, Nes filtered data in this 
Pp COCIEEOcer te Sum Cr Which mey extend — 
beyond this time period, AND a valid Set 
@lr@edy Gxists that is m@€anineglul to this set 
Gi eel terea Cala . 

TEEN update that valid set , update the tire 
Ceeomeceminold Or the velid set, and set 
fhe Valid set type to extension 


iP reemiimemoreupdate for a valid set is 
tnan tne current system time ANT the va 
Po ecconuene on Lhe valia Sey 15 corp 
Mas <¢ type of new : : 

THEN mark the valid set complete , set the 
update time of the valid set to the tase data 


rr Ty 


time, and set the valid set type to NULL 


fee so Ome Pom celasss Lif detecticn-only 
(ee seroortetcem a centmola time that is less 
than tne starting time tnat would he Tequired 
for the slowest possible target to travel to 
Lice tGettmsenSOrethat ls tarthest 
from the sensor AND the valid set is rot pert 
of an event hypotnesis 

Ree N removes tae velia set from further 
consideration 


Pen ceeceeSesomt TOM eolasS fil detection-only type 
sensors are present from at least a minimuin 
correlation set for a trail array, and the 
valid sets are time ordered dy relative 
sensor pesition 

TREN form an event hypothesis and calculate the 
tetveeuvmelocr ty list wsing the verious sensor 
Comnolaationrs 


IF a duplicate event hvpothesis exists from the 
same arréy 
TRON eliminate tne later duplicate 
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14l¢ri IF an event hypothesis from an array iS a SubSet 
peor Oulemmevent QNYDOtTNESiIs from the same 


is 
THEN remove the subset hypothesis 


14l4r2 Pi eaotmeveTimmeoorkmesis from an arrav is a 
Subextension of another event hypothesis from 
tne same array 

TEEN remeve the subextension event avpothesis 


1415r¢ IF an event hypothesis has been formed at the 
DRecen Geese Time ANY if any velocity from 
its velocity list 1s greater tnan or equal to 
tne expected minimum speed for versonnel and 
Peewee caudl CO the expected maximum 
sveed for personnel OR the minimum event 
velocity is less than the expected minirunm 
speed for personnel and tre maximum event 
velocity is greater than tne expected 
maximum Speed for personnel 

TEEN form a personnel classification 

Ayopotmesis, calculate tne certainty fartor 
Oe Ces ott ications formec from the 
event to date, and calculate the 
classification parameters 


1415ril ii Saumeve ul iemontegicumas been Tormed at the 
present system time AND if any velocity from 
Mio velocwty list 1S @reater than or equal to 
the expected minimum speed for wheeled 
vehicles and less than or equal to the 
expected maximum speed for wheeled venicles OR 
the minimum event velocity is less tnéen the 
expected minimum speec for wneeled vehicles 
anil the maximum event velocity is greater than 
the expected maximum speed for wheeled 
Men cles . 

THEN form a wheeled vehicle classification 

Pap oOudecioumeadtCulate the certainty factor 
of all classifications formed from tne 
event to date, and calculate the 
Too or non ovarametlers 


1415r2 IF an event nypothesis nas been formed at the 
BieeetusoyStem time ND if any velocity from 
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rrom tne event to date, anc calculate tne 
the classification parameters 


1415ré Peewee Co Ounesis has teen formed et tre 
oresent system time ANT if any velccity from 
mesmevceio@m@ery TiSt iS preater t&Gan or equal to 
Piemeoweoewea Minimumespeed for fixed wing 
ce nemmmnmes less than ofr equal to tne 
expected maximum speed for fixed wine aircraft 
OR the minimum event velocity is less tnan the 
exvected minimum spveec for rixed wing aircraft 
and the maximum event velocity is greater than 
Qiemcmmeered Maximum speed for rixed wing 
aircraft 
Peergecormesy fixed wing aircraft classif 
(pOnemees Caleoumabhe tne certéinty factor 
Om dal classifications formed from th 
event to date, and caiculate the 
Slassitriceawmion parameters . 


ie OTD IF ar event nypotnesis nas been formed 4&t the 
Caecum vole Fimer AND if -an, velocity from 
Pecos VOUuOGI tells ® MS e@reater tran ar «qual to 
the expected minimum Speed for a snock wave 

TFEN form a shock wave classification 

moo viesisS, Caleéulete tre certeinty factor 
Oreaewchkasorilcalrions formed from the 
event to date, and calculete the 
Classification parameters 


er or? IF a classification nypothesis is a 
Gm yGwhome subset, Or Sueextension of another 
Cras Sietcation aweotnesis 
TFEN remove the duplicate, subset, or 
subextension hypothesis 
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fx JOYUD YST Va Ve ELe avouoOr vy £(0, =P? (CC) 4OYDI9PH = dway)) SELYUM 
/* @9SUOdSeU YaEN Yab x/ £() veyudy3e6 = sue 
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/x a6essaw sOusa YUuUtud xy f( QS alwtt yO Yno yvaqunu Gdluajs autbsua 
f* Sylwt_ 40 3MO Yh ¥7 ((6666 < CUPL) $3 (CE > OUPt)) 48 


/¥ saqunu gq] ab xy £() 341386 = oupi 
°(006666 = 1000) YequNnU Qg] Ya Ue, )J ULUAG 
/¥ JA9YUNOD YeYUD aziperyieulL xy “0 =" 
/* Op 4d04¥S YOU B9LLYUM xy } (G23SU) SL tYyM 
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110 





iy | 
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f* 494ULODd YsSO{ BPOU YxOU YoSeu ¥/ 40 = YjJOt<e([LOycaed) 
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s¥* OpOuU MAU j4O JaJULOD Ysa] JOS ¥/ Yel <-(IUIASyPceb) = Ys cod 
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/* YOUNG YINIEI “SSA ¥/ > (docs) oes 
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f/x Ja yurod aziyperqiue yxy : £yxauceb = §& 
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Jw @pOu YSt{ Pl PLely yvosuas e YOY Baus NOU YUssuT yy 
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/* J9YULOd Yx9U BSPOU SNOLAIIA Yass yy $Q = JXOUp ce (ATDIAj<cod) 
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Jw J9VULOTG YHA BVDpOU Yxou JYosSIa xy 4d = YSC [Ace (VUBSAcHD) 
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(04d) pTavsul 
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/* J9YULOd YXaU BpOU SNOLASIG Jase ¥/ ‘d 
f/x J®YULOd SNOLAVIG ApOU YxaU Yasau yxy 
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(O/d) gf avsutl 


JOy Bulynoyu yuasuy xy 


ily 








(J‘b4d) Je usu 
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/*¥ 9pou mau 3O swayuIod yybiu yes yxy $L3<eDd = KUL Pjcod 
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/*« J9YULOD |BpOu SNOLAVUDG Yaseu y/ 6yuUOl send = PYBtU<cH (JHA <od) 
} £dy neyeps yonuys 
(9) 1939p 
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epou 4oO sueaw DISeQ ayy SAPLAOYUDG SOULYNOY 3O UOLYISL {OI Siyy ¥/ 
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/*« J9YULOG |apoUu sNnOotAasG Yasau ¥/ 
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(9) G9IPlP 

JOSUaS © JOY GuYNOY 3Y919Q ¥x/ 


i 

A 
Bp 
Q 
t 


suuNniad 
$yxUced = YXUced 
} {dy ‘by pisuas yonvys 
(A246) heIaI[pP 
yosuas © yO} auIyNnoy a4e1aq x/ 


12] 








(J) ¢19I9IP 
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/% J439YULOd |aPOU SNO}JAIIG YaSa2d ¥/ 
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Je tEPEed 40 YULOD OY UINIADSI ¥/ sudsn ied 
{ 
{ 
f/x dew ytq yos vy {(A4(OUdAuUgGS<ne(DIPUlL<uod Id) ) /OUGEWGCS<eMaU) Dewgqs 4s 
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sx spunog 30 4yno ft wy (Ct = dvWY3dN < ¥) FE (CT > Yd) 3b! 
f/x 9Su0dseay yvash 4yab xy 4() YJulqyeod = u 
4(,93 Jussefpe Si YOSUaS MaU,)J JULY 
/* SUOLJINIISUL YASN YUsud xy 4(Q9Y4YY SYOSUaS 4O Jaqunu vaqusa,)y yulud 
| /* Op 4dO4y¥S YOu BELYM ¥/ } (G3ISsu) 9, 4YyM 
fx DOYS OU OF UOLAIPUOD doo, Yas yxy f3nul = dasu 
/¥ SOA jt xy } (A, == Sue) 4} 
fx 98uU0dSay JeSN Yo xy 4() suejyso = Sue 


s¥ SUOLJINIASUL ¥/ {(,(U yo A) g SYOSUAS Ppa {easI,) J JUsuAG 


ze 











apou Sti GI aya SyUL[ pue 


/J* (tLe $O YULOD OY UN Yau ¥/ 


fx $$9290NUd 9Yyy Jeadayu pue x/ 


J* SA9DIIPUL BSVaASU MOU ¥/ 
f/x dew yiq yas xy {ExpupyyHsSwyysew f= FxpuryAQq)yIfepes<ce(yuUd<ced) 

J* YOS}PJO VDYe[NDIeD ¥/ | 
/x*x xaput ajyAq ayeinajed ¥/ 
/¥ 991M OP ¥/ 


pue sadsput OMY BY USALG 


/* aepou 
dew 44q 


/* apou gy 0} 4a3ULOd UUNIaU ¥/ 
/* O@SIMLEYYO ¥/ 


f/¥ UOLJILPUOD YOUVE 
/* Puno, 

fx 89 3yULOOG 

/x Op ‘punoy 


UINJIDS ¥/ 
JOU gL ¥/ 
P9IUBAPE ¥/ 
JOU ALLYM ¥/ 


ss JPYULOG YoveSS azpperziul ¥/ 
/* UYOtLZVIPUOD Butiddoys jYoas yy 


fO4ySu “1{eA Yul 

ssue yeud 

} suqusues jut 

4MOUy POUSUSS YINVYAS 


(yqusuas /mMau) | eAUS {oO 


/* @pou yosuas ayy YIM 


‘y¥Sil GI] vyOsSUeS ayy OYUL YVaquNU gy] ywOSsUAasS 
YY SJYsSUL 44aSN AY WOUY SIPYStua,oeueYD yvOsuses $yaG auiynoy siyy ¥x/ 


suuniyaJ 

{ 

4dwa 
oe 

$t = dway 


¢ tt 
— cam 


fe/7fo + $ ¥ LINNYdN = XpulydAq 
C444 S2>4f0E4) YOS 
$y 4dway /xpurysw 4xpulqyAq jul 
} £Gy ptAeuve JINvYyS 
sf 4b qu 


(do “f 44) Gewqs 4s 


yUuUasved ayy 4O GI AY OY va yUIOd e 
ISL] YOSuaS |aYyy $YaS ausynoy siyy ¥/ 


(0) uyniyau 
eas\ea 
(TIN) Ysnjed 
(Lapis == YG) jt 
£yxUeced = Ad 
(P$ =f (OUP caed)) BLLYM 
$yxUceupupis = A 
{Pp} = OUuPt<-[ apts 
dy plsues yINIYAS 
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s(QyOsuas AJepuNog S$iyy yO VOLJIPPe |yy yt 4VapupWwas e Se,)yJUfVA 


Jw soyedipuy AVepuNoOd yas yx/ 47 42 @dAcueMau 
/¥ SOA 3b ¥/ } (.4, == Sue) 3 
/* 9SUOdDS9IV JASN Jab ¥/ £() suejyeb = sue 


/*x JYSUL VASN yy 4(,(4U JO A) & sosUasS AVePUNDOG e@ yvOsuUas maU ayy Sti,)J QUtud 
J* SJOSUAS [LS OF UOWWOD VOLJEZLLELZIUL PaUuLsapeauasn YOY MOU ¥/ 


{ 
{ 
sxe auQq 
SESE EKER EEE EK KEKE KEK KEKE EER EK KY / 
/* UOLZIPUOD BHuiddoys yas y/ £3Sdv4 2 0 3su 
/x A{uoO Bnqap soy Ydadse yy SC [CA 4mau) KIyaway 


PECK EEE RE EK KK RY RK KEM EYE / 
/* e6eSSaw sOusd YUlUD ¥/f(QPSZtLUDOI3Y YOU B9dGAQX,)}JULUA 


23 4Nezyap 
Pye VIG 
fx YUOLJYLPUOD HuUtiddOYS Yas ¥/ 4aSlvw4 2 d3su 
Jw OS PHStutw vos vOLJVeZiyjeryiut yxy (( eA “Mau) PiSuWOS 
| [0001 eased 
/* Jamsue soy YWYS |ased yxy » CLEA) YOagMs 
/* @SUOdGS3Y YaSN 4yab ¥/ 4() JUuLyeo = [en 
f/* @dAy sOY HSE xy $(, 090A yvOsuaS 49 UG, )}y YUVA 
/¥ OP #dOy¥S YOU ALLYM ¥y/ } (GySU) Sty 
J* O@dAY BYY OF VEOLINIAG sanjeAn VOyJeZeLepyatut pue |aadky yosuas 426 ¥/ 
/* QI OF apou yAULL ¥/ _ fd = yOeQPIS<-MaU 
sx pou oF GT AUbE ¥/ {Mau = J}PUb<ed 
{ 
/* 9Su0dsSey vasn Jad ¥/ 4() wuptyeb = OUpticad 
/* QI] Yay OUe YSONDIIJ yxy 6(oveyVoOUue Ja UG, ) J QULIA 


Jw OSW VOUS YULUDd ¥/7 4(QPASN Apesule yvoequnu Gy YOsuasS 9yd,)y IUPVAG 
/¥ y4aSUut OU BLLYM ¥/7 } (GIA =i CCLIPES4IPYPIS4G) HFaYSUt = LEA)) SL PUA 
/* GY az qegacutr xy 4YGUSU9S = OUPl<ad 
/* @pou Gg] MaU JOj |aHEYOYS |ayedO{[e xy 
(piSuas yINvyAS)jOOZIS)44) DOYLCD (x Ptsuas ydnNuyAs) = G 
PUOD doo], Yas x/ ‘3nul = dasu 
dy ptsues JyINIYS 


ae 
/x dOY¥S OU OY UOL)IL 
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fx SOA jl xy (,A4, == Sue) jt 
/* @SUO0dS9U JYASN 49H ¥/ 4() sueq.oo6 = sue 


f/x UOLYINIASUL ¥/7 £(,(U JO A) | PaUINbDaY SebUeYZ “*yOSUAaS BJYy JO}, ) J QUSUA 
/* JASN -/ F(QPAPEOL Uaaq aneY J9dGAY AQ LIPey VUOSJIAISP YLNeyap,)y yuUfud 


{ 
{ 
f/x UOtLZVILPUOD BHutddoys jos y/ $43Slv4 = 9 3su 
J/* I9SIMIJOYQO y/ a9S{a 
f/x 296e0SSaw vOuuea Qulud 4OU yy 4(QSJiwWEt UL YOU YYNwWIze, yy qutua 
fe @ StMet Ul xy ((0°09E < YIEPIAPK<-MOU) {Ff (0°DO > JYEPISP<-MOU)) 3! 
/* YNWEIZE Jab xy $() 3e@O [330 = Vipyep<c-mau 
f/¥ “YVOFJINIASUL JVOSN xy £$(,(69P) YINnwyZe YUOSZIIAIIP yo qua,)yy utd 
/* OP £dOyYS YOU BILLYM ¥/ } (GSU) SELLY 
f/x DOYS OU OY VUOLIQIPUOS doo, jas ¥/ f3nyudi = Gysu 
/¥ JOSUGS [CPUOLYIAVIP © yt ¥x/ } (0°09E > [OuUer2Ie<-mMaU) 4b 
{ 
f/x “UOLJIPUOD Huiddoys yas x/ £3Slv4 2 dasu 
/¥* @SIMIDYQVO y¥/ as|{oe 
/x a6eCSSow JsOUsa yUtuG fOU ¥y7 {(QSISWEY JO JNO PYOOD A,)yJutuad 
Je ESVIWEL UL ¥7 (CCAUWWXYW < ADO[S<=M9U) $F} CADVWNIW > ADO[S<=-M9U)) 3h 
/* PIOOD A aH ¥/ 4() 38043236 = ADO{S<eMaU 
fx UOLZeDOY JOY YSE xy 4(,(JLOtLP fF) PYOOD A wiN yOsSuUaS vajUa,)JqUguA 
f/x OP 4dO¥S YOU ALIYM ¥/ } (938U) SL sym 
fx GOS OU OJ YUOLYIPUOD doo, Yoss y/ f3nyHi = dasu 
{ 
Jw YOLVIPUOD Huddoys Yyos y/ £3S1lvy4 2 dqsu 
. /* @SIMIIYIO ¥/ as|o 
f/x 26essow JOuso yusud 40uU xy ¢(OSIHWHEL JO INO PYOND x, ys QUlUG 
Je ESIIWEL UL ¥7 (CXAVWXYW < X90[S<=MOU) $$ (XdVWNIW > X20[Sc-mMaU)) 3! 
f/x Psood x 4ab xy £() 280[396 = xd0[S<eMaU 
fx UOPJEDOY JOY YS vy £(,(IIGIP tf) PyOOD X WIN YOSUaS Va qua, )J JUsuA 
/* Op £!dO4YS YOU A{LLYM ¥/ } (GysUu) 914M 
f/x dDOYS OU OY UOIYIPUOD doo_, jas ¥/ ‘anal = dasu 
{ 
f/x J9OPULWA YaSN YUsud ¥/ (o°**wayy BHueyd,)s Qutua 


£(Q03SNW NOA aHueYyD 03 SILYStuayIeveEYD yosuses YaYyAO Sasned,)y aujyud 
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({[e@A*mMau) PisuWwOoS 
/* opow ,A{UO Dtwstes, ey 4 
Ut PtSsuswW 9YY OF VEL {NDAD SANIOAN YJiNesop AY SpeOo_ Gu ynoyu Styy yy 


{ 
/* GQ] A@duve PlfpTean UUNIJoU ¥/ f(O0OUPpt<ed) UINJod 
/* WOW eHueyd xy (Mau) BYydI,oCe 
/*x SOA $b vy (,A, == SUC) 3} 
f* eSUO0dS8N JISN Yosb ¥x/ 4() sue@yoo = sue 


4(4(Y¥ JO A) & PaeutNbsy soueY) *adAy SY$ AG VOSUaAS G9YY,)J JULIA 
J* J¥SUE JASN ¥y £(Q4O} POPeOY UuVseq sey 4QQW pawweuboud W~Neyoep,)JQutua 


/* @pod 4t0S abueYyd x/ (Mau) OY, LOS 
s* SOA yh x/ (,A, sz sue) 4! 
/¥* 98U0dS3IV YVASN Yad ¥/ 4() suejyab = sue 


$(,(4 JO A) ~ PpeutnNbey sbueyy *JOSU9S GYY VOj,) J JULIA 
Jw JYSUL VASN xy F(Qpapeo, uaaG |aneY SUOIYIPUOD {10S AyNeyap,) sy yutuad 


J¥* F9WHY YeqQeuyut VGOueyd xy 4(Meu) OYdquyus 
fx SOA Bl x/ (,A, == SUR) 4} 
/* @SUODGS%U YISN 4Yab ¥/ 4() sueye6 = sue 


$(4(4 40 A) g Padtnbey abuey) *9dAy SYt VOY VOSUSDS BY, )J JULIA 
/* JYSUL JASN ¥y £(QYOJ PAPeO, Uaaq Sey awiy Ylqgiyus YLNezap,) fs ussa 


Je JOYSDIPUL YUOLYeALYICSP Yas yx, SALYICWY<mMIUS = UOJJOKeM|U 
fx JSUGS PAJeALJIeEAP Sey yvasn jt xy (Q9wWtISAS < AFYIOWY<coMOU) 4h 
se Fwy uowtzyeantyoe aGHueyod x/ } 4(mau) OysIew4 
. fx SOA ft ¥/ (,A, z= Sue) 4} 
/* 298U0dSSuU JASN Yab ¥,/ 4() sueye6 = sue 


fw J¥SUL ¥y £(,(4U vO A) & PAaVINDeuy BOueYD *OWEyY WAYSAS, )PJQUfUA 
/*x JOSN xy £(HNJYUSSAUG 9YyY St UOLtYJeEALYIS JO Owty YyNneyop B9yA,) J QUpuA 


{ 
Jw 91{6ue asueydaa0e s6ueyd ¥/ ¢(meu) Oy dsoHuee 
se SOA Yb ¥y/ (,A, == sue) 4! 
fx asuodsav sasn 4yabd ¥/ 4() suejyeb = sue 


fw S3SUL wy £(,(4 vO A) & PautiNbeu saBueyy *yOsSUSS BYY JOj,)J JULIA 
/* JASN es {£(QPepeot uaeq sey atGue adueydar0e yiNesyap e,)y Jus uA 

f* SOSUAS {euUOLJIeIVIP © ft ¥/ } (0°09% =f [DuUeDIIe<eMaU) j1 
/* VEIPeuU YUOLtYIIYSP abueYyd ¥/ 4(Mau) GYdUpP 
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/* JASN OF OYDA vy LC [ Tat} PCVIAP<-MaU4OHYY SL AN[eA MAUL )s guUtUG 
/* 9304S ¥/ 4() 3@0($30 = [Jo$]} pevyep<emau 

/x AN{eA MAU YAH xy £(, (SYA JaW) ANLeA MAU 4a\Ua,)Z JUJUAG 

SC (Tat) POU IIP<eMOUl HH AL yuasuINI Sivjys QUpuA 

fe JYSUL JASN vy {C48 4QPX SPdGAY VOY SNipeyv 4uoO139999N,)4y UU 


/* @SIMIIYIO x/ } asia 
fx YOLYIPUOD Hutadoys yas yy f3Slv4 2 04su 
sJ¥x SYsWEL JO YNO |dAy Bt ¥y/ CCHALIN < $) GE CT > 8D) BE 
f/* @SuU0dSav svasn yab ¥x/ 4() 3uLqVeo = 4 
f¥ SUOILYINGYSUL JVASN xy £4(, 299A yobyey vayua, )pyuiua 
/* Op !dOYS YOU ALILYM ¥/ } (GSU) BLLYM 


f(gandut st svaqunu adAy PJLeAUL YUE {tYUN a9pew aq Aew Pue,)}y Uta 
sx JYSUL JASN x7 £$(909dAY AQ ANEW aue LIpey YUOIWDIAIAN OY SaBHueyo, jy ULUA 
/* DOYS OU OY UOLYIpUOS dooy Yas yx/ fynul 2 dysu 
4aysu 4b yu 
} SMAUy POUSUAS YINIYS 
(Meu) Oy dup 
f/x sosuas e sOy 3192) 
SNipey YUOIYDIYSIP |9yY UL SABDUeEYD ayHeW OO} YVASN |9YY SMOL{E BuIANOY Sty xy 


{ 
/*# {409 $09 YULOMd OY UIN YI yy 4udunijoad 
/* 109 YAS ¥/ £0°O00002Eh + ALJPIEWI<eMOU = [OAceMaU 
270°0S6 = [S) P&EYI9PP<eMoU 


0°O00L = [th] PEIIIP<-MoU 
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20°00S = {2] Pe4VIeP<eMaU 

20°OO0T = (TI Pe4IeP<eMauU 

/* 919@) SNipeu yuol I9aIAP ¥x/ £0°OS = [0] PeYIPP<-MaU 
/*x JOSUSS PFIeDO[OD OU y/ STVIN 2 3OL[Od<eMaU 

fw 9WtQ YXIQGtMYUL YoS yY/ $0°OL = SYceMaU 

fx [CUOLPIOUIPetUWO VOj Yas ¥/ 0°09¢E = [bHuedIe<eMOU 
/* 90dAY YAS x/ {Ol ¥ {CA = 29dAYcomMaU 


} £LeA Yu 
‘m9Uy POUSUSS YINIYS 
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/* @9SUOdSAuU JVaSN 4ab ¥/ (0) YEOL¥IG = ALVIEWJ <eMaU 
s/w 26ueyds soy ¥xSe xy 4£(,(SPu0cas) ANLeA MOU Y9{Ua,) J JUlUG 
/* Op !dOy¥sS you A9LPYyM ¥/ } (03SU) OLY 
f* SUOLYINUYASUL YVASN YUlUud ¥/ 

S(ALJPOIEWJcmMAUl HO YY St BWLY YOLYEALYIE JOZY ANLEA YJUdaUINID, )yJULUA 

f/x DOYS OU OY UOIIPUOD doo], Yess yx/ £4Nyi = dysu 

| ‘dysu jut 

} sMAUy POUSUaS 4INVYAS 
(M9U) OYydDIewW) 

fx 9pou syOSuUaS ayy OF VO9JULOCT © USAIB “yosuaS e 
JO$ UOLJEALYQIE 4O awty ayy SHueyD OF VaSN |yy SMOLLE BPuLANOY Styy ¥y 


{ 
Je LLO® $O YULOd OF UNI" ¥/ suungad 
{ 
{ 
J* ANLOCA MAU OYIDA ¥/Y §(LOUCPDIIC ceMOUL HX StL ABNILCA MAUL) ZJULUA 
fx UOLYLPUOD BHusyddoys yas yx/ faSlv4g 2 0d 3su 
| /¥ A@SIMJ9YIO ¥/ } asta 


f/x B6Sw sOuusd Yulud ‘ou xy s(QSJZtwtE_ JO YNO S_GBue adue{JGIINIE, pyqutua 
Je & SYbwet_ Ul x7 ((0°09E < [Huedecemau) $F} (O°O > [BuedIecemau)) 341 


f¥ 968U0dS9"U JASN 49H ¥/ 4() 38043396 = [OuerIe<=eMaU 
fx 90ueyos voy SE xy £(,(SA9VH9P) IBNILCAN MAU VIJUD, J JUtUAG 
/* OP !dOysS yOu SLLYM ¥/ } (€GyISU) BELYM 


J* SUOFJZINGISUE YOSN JYUulud ¥/ 
4( {G6uesse<emMau’gyy St a9LHue aaueydasse VOY ANION JUdIUINI,)s ULUA 
fx dO¥S OU OY YUOLYJIPUOD doo, Yas ¥/ £yNyi = dysu 
sdysu jut 
} {MOUyY POUSUSS 39NVYS 
(Meu) Sy d6uee 
fsx apou JsJosuas ey. OY vaYUIODd e USAIB “yuOSUES e 
JO} |aLBue |adUeYd|aIIe vyy aGUeYD OF YAaSN J9YY SMOLLE |auULINOY SLyy ¥/ 


/* LLed JO YUuLOd OF UUNaU ¥y suunjyay 
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sdysu jut 
} sMAUy POUSUAS YIN YS 
(Mau) BbYyd{LOS 
f* apoUu JOSUaS A9YY OY JAYUIOG e@ YUXAIH 4yOSuasS e 
JO} BPOD {LOS ayy BHueYD O}F YaSN ayy SMOLLE PULANOY Siyy xy 


{ 
se {LOD ¥O YUuyOUd OY UN Yau yxy we £UsNQed 
{ 
{ 
J/* ANLOA MEU OCYDS ¥/ {(SY<=MOU4OSY SIL BNLCA MAUL) JULUA 
Jw YOtLZVIPUOD GHuUsddoOYS yes y/ $43Slyv4 2 038su 
/¥* @SIMJIYYO yy } ase 
/* BSW JOUUF YULIG OU vy F(QOSILWEL ¥O JNO auty AQqguyut,)yyutuA 
fe e@ Sapwey Ul ¥/ (0°O > SY<=MOU) jt 
fx 98SUuU0dSAu JASN 43D xy 4() 3e80{j33960 = SYceMaU 
fx e6ueyds soy Se xy 1(,(SPUOIGS) AN{eA Mau Ja Ua, ) J JUtVAG 
f/x Op *dOYS YOU ZI EYM ¥/ } (GySU) BEY 


f* SUOLJINIYSUL YVASN YUtUud ¥/ 
S(SY<=M9UIOZZ Sk BWLY BIQeyUP JOZ BNLEA YUusdINI,) J ULYA 


a 


f/x GOS OU OJ YOIYIPUOD doo, yas y/ ‘3Nu1 = dasu 
i | sdysu jut 
} sMauUy¥ POUSUSS YINIYAS 
(MAU) OYIQYyUL 
f* 9poUu yosUuaS ayy OY YeyUuIOd e@ YUOAIH 4UOSUeS e 
JOP QwWlY YIQuyul ayy VGueyd OY YVIasSN AY SMOL{Ee BPuANOY Sty yxy 


{ 
Je (LED JO YUuLOG OQ UUNJau ¥/ ¢uUuUN Jad 
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/* ANLCA MAU OYDA yxy L(ALJPDIEWJc<mMAUlOYY S$ BNLCA MAUL) JULIA 
f* U“UOLJYIPUOD BUliddoOYS Yas y¥/ . ‘3Slv4 = 93suU 
J* @SIMJIYIO x/ } este 
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f/x [O08 Yasas xy FLOAceMOU 4 ALYIEWJCeMOU = [OAcemMaU 
f/x AN[CA MAU OYDSA x7 £(LOAceMAUOYY SI ANLOA MAU, ) ZY QUyuA 
/x UOLZIPUOD BHULIddOYSs 3aS ¥/ 9S .vw4 2 dysu 
J/* @SIMJIDYUYO yy } 9Sle 
f/x BSW JOUJS YULIUDG 4OU ¥x/ $(OSIsMIEL $0 INO 7O3,) Fs IUSId 
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fx 9SUOdS98y YIASN Yeb ¥/ £() yeO[ 4 a6 =z [O9<eMaU 
f/x e6ueyos soy Se xy £(,(SPU0I9S) ANIeA J9S}HO MOU JOYUS,) PAULA 
fx Op 4dOY¥S YOU SL LYM xy } (GISU) BSLbyM 


/¥* SUOFYINIYSUP YASN JULIA ¥/ 
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J* GOYS OU OY VYUOLYIPUOD JOO, 4aS ¥/ 4ynyi = daysu 
sdysu jus 
} £MAUxy POUSUSS JYINIYAS 
(Meu) OSyd1[oOe 
J/*x 2PpOU YVOSUSS 9YY OY Y9YULOG © VSAJOH “4yuOsueS e 
JOY ANLCA SPt[ JO Pus 9YY BHueyD OF YVASN B9YY SMOLILLE BPuLWNOY Sty x/ 


{ 
J* (Le $O YULOdD OJ UINIeI ¥/ sudsnjad 
{ 
{ 
J¥ ANLCA MAU OYDS yy 4([LOS<eMAU4OPY StL ANLCA MAUL)J}Z JULIA 
/* VYOLYIPUOD Buiddoys yas ¥/ £9Slv4 = dysu 
J* OA@SIMJFDYQO y/ } eSl[e 
f/x OSwW sOUJO YUtUG “OU x/ £(OSVIWEL JO YNO OPOdD [}os,, ys yULIA 
fe & SYbwey Ub xy . (0 > [$OScemau) 4h 
/* ASUO0dS3IU VAISN 49D x/ £() 3UN3¥9BH = [LOS<ceMIU 
f/x aoueyd soy Se x/ (4 ANLOA MAU VIS, )J JULIA 
/* Op 4dOY¥S YOU BSLYYM ¥x/ } (GISU) ALLYyM 


/* SUOLYINIGASUE JYASN YU y¥/ 
£( [| bOS<eMaU NPY $4 |BPOD [40S Joy aNLeA JUaIINI,) Zs IUPIA 


/* doys OU OY YUOLYILPUOD doo], jas ¥/ 6anut = djsu 


137 





faquey yveyud 
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} by pOuAeue 4JINIYS 
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Jaqunu dew yiq vY4y SUUNISaY JAI "Aeuwsye yuaved 94} OF JayUuLoOd e USALB 
*Aeuse vue Ut SIAJUNOIUD Yt YVOSUSS AYVEPUNNOG YASJtf DY} SJZAD BuUINOI Siyy yx/ 


{ 
fuunjau 
fw A@swyue OJFUL YUNOD peol x¥x/ ‘J - | = {o]l4 
{ 
{ 
/* xeput Aeuyve JUuSwaUIUL x/ 21 ta 
fx A@sue OFUH Kaput Josuas peo|lt y¥x/ ‘4% + 9% fF = [L]4 
f/x UO SEM VIG jt ¥/ } (0 =7 GWA) 34! 
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/*¥ papeO(, 2G [EFM SIINSAI BY 
YUDIEYM OFZUL ASUVVe 9YY OF JayJutoOd e Ppue 4yaquNu xaput wOSUEeS JIaOUeY 
9Yy “apou AeSuIe JY} OF vayUIOd e UaAIG “AeyuNe Ue OJUL YUNOD AdUGZeTpe 
au, pue Syaqunu dew 4y1Iq yvosuas yUuas.efpe ayy SpeO|, aus ANOoY Sty] ¥/ 


/* (ted 3O JULOd 04 UUNIaU ¥/ suunjau 
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/* ApOd sOUsa uN au pue ¥y/ 4( Je) usniau 
sx abessaw sOuua Yutud xy 
£(WNUAC LR ce (HDEGNIe cmb) “QNy Aewse JOY SUOSUaS AUePUNOG OU,)} USUG 


{ 
fe xopul vosuas uN da ¥#/ (ff) usnqyed 
f/x sOSuUaS AyepUuNDGg e 43t ¥/ (1 =z 3UNOd) 34 
{ 
/* xepul JUudwaIIUL xy $1 #+¢= ! 
{ 
/* IUNOD YUIWAIIUL xy 4% #2 JuNOdD 
fx UO 4IQ AdUadespe 4t ¥/ (Q =f Gwar) 3 
/* 344Q 3964eY 3ng {{e Asew yx, ‘CC LLP ASCWa)ue) Be Away 
fx 2604039S HulyAsOm YStt~qeysa yxy 4pupofepes<ceb = dway 
fx OP 431Q YDe@a Oy ¥y/ } (#4 fer>tsozt) 4% 
/* 4JOSUIS Jad Sauwty *OU bad OP ¥/ ) CHFAELINAUAN>NLO=%) LOY 
/* yunod AdUaIe[pe aZsLetyagul xy ‘Qo = auNOod 
/* Op 4yOSuas ysea JO} ¥/ } C4+4hLdVWYUaddN>f 20s!) 4O3 


fe K@pUP G9YAQG SZLpetaluUl ¥7 so = h 
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fx J9SN WOuyY YVaquNnu GI Jy2ab ¥/ $() wuptyed = swqup[ tj 


/*x OP !dO4¥S YOU A_LYM xy } (YO0B) a1 tyne 
/* DOYS OU OF YUOFJVIPUOD dOOY Yes ¥/ £3jNy1 = Yooo 
/¥* OISIMIFDYYO ¥/ } 98S{e 
{ 
{ 
J¥* ANLEA VOLJEULWIAY YIM UUNYsU ¥xy/ SCLYNIWYL) YsNeas 
| f/x OU $l xy (,U, == sue) 4! 
/* @SUOdSAuU VaSN Yab ¥/ 4() suejyab = sue 
sw JOSM HSE vy £(,(U JO A) 3 JusSUL OF YSEM JLELIS NOA OP,)faqutua 
J% AStMIGUIO xy .  } asta 
{ 
/¥ QY Mau Jasn 9AlO wy S(4YGUPILES4OPKX = G1 PLety MOU, ) J UpUA 
/* UOLYIPUOD Butiddoys Goo, yas ¥/ aa “449S4v4 2 dysu 
/*x Plats OF YaJULOD Yaw ¥/ S(YQUP(E3) ISUFAYD = YQULOa 
ss pa yeasd sem platy ft ¥/ ) CVIN =F YQUPLts) 3! 
/* 9(Qtssod 44 Ae@uyve mau e |aYeaVID ¥/ 4() PLtbsyew = squpyitj 
| f*x OU $b ¥/ } (,4¥, == sue) 4h 
/* a@Suodsayu yvasn Jab x, £() sueyao = sue 
/¥ SUOLYINUYSUL ¥/ 4(,(U JO A) g AStxa Apesule,)y yutua 
/* JASN YUsuUG ¥/ F(QpPaIeIO, 9q {LIM ACuse YOtyM UL PL aty SOP, )y UIVG 
/+ OP 4d04y¥S YOU ALLYM x/ 4} (GYSU) SEEYM 
sx GOY¥S OU OQ UOFYIPUOD doot jas yx, Sangli = dysu 


4MOUy POUANVEe YINIYAS 
$C) 3SLSAYIe “4PULOGy Ppt sy YINIAS 
gsue yeyd 
su00b 4dysu 4yeaAuqyy fuqupyzsy %t 4uquAeue Jus 
os } () Adserxew 
/* Yb Spseau vasn ayy UIYM AeUVe MOU B@ S9YEOID BUEINGY SHY ¥/ 


/*x SO9([GetueA [euvayxd apni dut ¥y wI*Pl[ WUXI, SPN pouty 
f/x 83ep weuboud apnyout ¥/ noa*JeAwOd, apnioulg 
<4Y°OlLPyS> apniouty 


s* Sapou Aeuve UO pawyojuad suoiyedado pue Aeusve ue 40 
UOLJYPSUL |9YY AYa{dWwoOd OJ AveESsadaU SUDLYeVaGO SULeYUOD AaiNpow S4yyyt ¥/ 
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$C) (Qautw = (ty ULWA«ceMaU 


f* SISL| APLIOLOA aZLpeL sul ¥/ ) CHE LGALIND> $202!) YO} 
$0 = [{t) If epescemau 
fx Gew IPQ azppesapuy v/ C++$2SFLAGN>$20=!) YO} 
/* SUOLJIPUOD YLNeyap yas ¥/ £0 = UasSUNU<=MdU 
f/* JASN WOUy Yaqunu GI ab ¥/ 4() wuptjab = syquAeuve 
f¥ J9SNM WIOJUL xy £(QPAIeAID Oulaq Ae@uye MAU, ) J JULIA 
/* O9SIMJGBYIO ¥x/ } ase 
{ 
fe YVOLYVIPUOD VOUVAa Yas ¥/ VIN = YquAeve 
/* 96050498 aeRO Leap ¥/ (MOU) sauyd 
/*« a6essaw y/ £(Co°**payseau Apeauye yrwilt,)z yutva 
fw JOUJUS JULUD vy f(OPL Aly BEY voy A@uyve UR |2Ye9IUD YOuUedD, yy JQutud 
f/x SOUSS Yh xy } (YOUNZ == LeAUII) 344 
/* (JOUJF UINJau vO) PL ats ¥/ 
fw Ut SAA\use 3O vaqunu yudswaudUL 4P{S}E}Y OF FULL fUOLQLSOG JYadoud yy, 
fe UL YStt A@uyve oyuL Quasut yxy 4(sQULOG ¢“mau) PpueysuL = [eAUQZ 
/* apou Aeuye Mau sO} BHCYOYS B2YeEIOL Ie ¥/ 
£(((poudeue 4INV3S)}OaZIS)4]T) DOLLED (¥ POUAeVE YINUAS) = MaU 
{ 
{ 
{ 
{ 
23S1vij = dysu 
fe UOLYLPUOD GBurddoys Woo| 4aSs ¥/ £3Slv4 = uoob 
f/x Jaqunu Gg] Ppoob “asimyay QO yx/ } ase 
{ 
/¥ YOLVIPUOD BHBuiddoys yas y¥/ £43S1v4 = Yood 
/* O9SIMSDYIO ¥x/ ase 
/* ANLCA VUOLYeuLWIIY UYNYaU ¥/ SCLYNIWHL) Uynaqas 
f* OU jb ¥/ (,4, == SUB) jt 
/* asuodsay yvasn ab ¥/ 4() sueysb = sue 


fw JS ysut Jasn xy £(,(4U sO A) & YsasSut OF JUeEM [LE3S NOA OP, )y QULUG 
{(Q°°°UaALG Jaqunu Qy,)s 3usua 
f/x 6sw sOuyud Qutud ¥/ {£(QYIIM Pa Jetoosse Paty OU, ) J QuyuAG 

/* QI P®EQ st ¥/ } CTIN == COYQYUPEES) IASTIAYD = YIULOG)) 41 


14] 





sx J4¥UD SAeuUe 4O OU YUaWaUIUL ¥/ SE t= ASOWUNUCHe(JIDGEHKGIP[ Ilys) 
/* Mapul dew 31qQ 4yas y¥/ ‘t 4 OUdeWwgqeceu = OUGeWQe<-MaU 
/* YStl YX Ut |Bpou Avasut xy 4(S *’maU) GUSUL 
( 
fj\Ylueud = S 
/x SJ9YULODG a IUeAPEe ¥/¥ ‘Sos 4 
/*x PUJY YOU SOd YAdSUL Yt ¥y7 } (CT (OUdGeWgQe<ceS)) z= (OUdeWQe<eu)) BI} YM 
| Sjduceu = S 
sx SJAYULOM YOVeSS |aZLpeL LULL ¥/ $SPPCAYce(JIdGcuD(Pjat}s) = J 
s* @(QGIS$Od St VOoljyvasUL ¥y/ ‘OLIVA = [eauad 
fe GaStMsaYyyO ¥/ } ase 
/* YOLZIPUOD VOuVa Yas ¥y ‘YOUN = LeAUQS 
/*¥ LIMy Apeas~e yuaved yl ¥/ (dVWYFdN Fz (AYeWNU<e(JIdG<-GiP{at4y))) Ff 


/* apou yuasved O04 HULL ¥/ $YIDceeD(PL9Ly = JUYed<eM|aU 
| | f{eAUQy yu 
‘Sy “dy poOuAeuve 4INI4S 
} SGO([PLAbyx PIPL by BINIAS 
4MaUy PoUAeye YINIIS 
(CSIPLAty “MeU) pUueysut 
/*x @1Qt1SSOd JOU SeM YuaSUL BUY Yt BPOD youva ve 
SUINJA9U JO “pj oly |BYX UL JOQUNOD SAeuUe 4O VaquNU ayy SJUaWwaV IU 


‘pPlL9aty JUuUaved By OF AeTUe MAU JY SHULL “UOLYISODG syadouG sy Ut 


wSty ACuve platy yuaueD yy OJUL ACUUR MAU © SJUASUL BULANOY Stiyt ¥x/ 
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{ 
/* LLOD gO YULOG O04 UUNYaU yy e(uquAeue) uuniau 
{ 
Jw JOSN WOUY 396 “OS jt xy 4(J2UJOG 4MBU) YUdfpee 
f/*e Aduasefpe so} HYOAYD ¥/ (tT < AJOWNU<ce(PUVCD<cHMI9U)) bt 
| /* AStL GI O@UL Yvasut 4yuaSN WOUY Hy | 
fe SIUPSpua_QoIevueyD Aeuvyue Yab xy s(uquAeue 4MaU) [eAUeYO = svqudAeve 
/* YS VOSUGS 2ZL{ey ztUe yxy 4(Mau) pus ysrut 
{ 


C7 1QIAE = [LJ ACAcaeM|Y 











£() ISLOXYDe %SYGe PLAeve YINIYS 
sue sweyd 
soupit “f f4u 4aqysu qu} 
} dy plp( ty yoNsys 
‘mMaUy POUAeUVe YINVAS 
i (Q *‘mMau) yudfpee 
/* POU platy yusved ayy pue 
AeJue@ MAU 94 OF JIJUSOM e@ YUAAIH *SAeVVeS Yusysixs Apeayuye yvayyo Aue 
O¥ yUadsefpe st AByue P|JeaVD AjmMaU e Yt BSS 0} SHIAYD BuLYNOY Sty xy 


ye (Ee@D gO YUulod 04 UUN Iau xy susniyas 
SdVWHIdN = OCUdGeWQS<=3Se| 
SIN = Oudeugs<a3Sul} 
‘3INON = @0A{<=-3S8e{ 
f/x Sapou [etdseds se ayeubisap yy, £JNON = @GAVcHqSIIY 
| {MOU = YJUIDTVCA<cH SC | 
MAU = JUBSIECA<aISIly 
TIN = XUcHgSe | 
4y¥SJljy = ADdUdc-ySe| 
4¥S€{ = XUcaVSIt} 
/* ASSL USE1GeISa x, VIN = A@JGcm assy 
: 4yse{ = [Us US«<wMDU 
su SHULL JUSeVed Yas yy 4¥SJly = vpeaycemau 
s* OPOu Leu USS JyQ voy aPHeYOYS |aQeEDOL(e ¥x/ 
£(((POUSUaS 49N4VIS)JO9ZIS)4]) DO_PLCD (*¥ POUSUAS 3y9NVYS) = YSe| 
/¥ @pou yvapeay ayy voy |HeyOys |ayedope ¥/ 

$(((POUSUSS Y9NIIS)JO9ZIS) 47) BDOULED (* pOUsSUaS YINIAS) = YSuly 
: 4ySe@(x 4YSItyyx POUSUAS YINVYS 
} sMAUy POUAeVe YINIYS 

(Mau) jus tut 
f/* apou Aeuyve Jyusved 

943 OF J9YULOM e@ UBAIH YSt[{ yvOSuasS MAU e SAaZL[eLJsUL BuLYNOY sSiyL ¥/ 


/* yuesed OY AUS | ¥y/ 


s* JOYEDIPUL SNYeYS UINYAU yxy £([GAUIW) UUNIaJ 
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(Pt) ISLEHYDe PLAeue YINYsS 
/* @pOuU YStit GI] FYI OF Va VULOd e SuUIUNJoyu YE SYSIXD AL YY “*veSNM ay WOU 
Jaqunu Aeuyve ue uaAi6 Sysixa Aeuwve Ue ft BAS 03 SHDAYD BuLynNoy siyy ¥x/ 


{ 
Je {Le 3O YUSOD OY UUN Yay yy suunidad 
{ 
{ 
f+ Gew 34$qQ Yas xy £(d4 (OUGEWQE <m(UYUdeC-U YA) ) OUTDEWQe<-mMdU) Gewgeys 
{ 
/¥ yndut poob ¥/ ¢3S1vj3 = 93Su 
/¥* O9SILMIIYYO ¥x/ ase 
{ 
4(Qgueat6 vaqunu qj,)j 2UtLVvA 
f/x BSW JOUUS YULUDG vy E(QYIIM Pa .eLSOSse AeVue OU, )J QULYUA 
fx A@use payeysosse Ou yt vy } (TIN == (COUPE) ISLCRYD = 4YdG))G! 
fw saqunu gy] 396 ¥,/ 4() wuptyab = oups 
/¥ SUO$YINGYSUL VOSN yxy 
/¥ YUlLId xy S(T4f *QAevue MaU aYY OF YUBDe[pe Py Aeuve Oj, ) JULIA 
/* OP £dOYSsS you A9{LYUM yy } (GCYSU) B9ELYUM 
f/x dOYS OU OF UOLYIPUOD doo|t YOsS ¥/ fanul = dasu 
f/x OP “UBALBH soaquNUu ayy JO} ¥/ } C44 tUsl so|\el) yo} 
{ 
/% ONt{eA POOH x/ $3S v4 2 039su 
J/* P9SELMUOAYQO ¥/ 9S{°e 
/x a6essaw sOusa yuyud y/s(QspuNoYg 4O YNO Yvaqunu,); yUguG 
/¥ SPpUNOG 4O YNO jt ¥y7 ((T = d¥WH3dN < Y¥) FF (CT > Yd) Ft 
/* 9SUOdSay VesSNn Yad yy, 4() 34UtQ9096 = U 
(4,03 Juseds,efpe sp AUUE MAU) JULUG 
/* SUO$YINIYSUF VASN YUlUd xy £(Q3Y2 SAeUVE 3O YVaquNnu Jaqua,)} uA 
/¥ Op 4d0Y¥S YOU ALLYM ¥/ } (93SU) B9LLYM 
/* dDOY¥S OU OY UOLYIPUOD Goo, 4jas ¥/ faNHdL = Gd ysu 
/* SOA yl ¥/ } (,4, s= Sue) 34! 
/* @SUOdS8V¥ YasSN 436 ¥/ 4() sueyab = sue 
/¥* SUOLJINIYASUL xy 4(4(U JO A) g SACUVE payeayud, py qQUsUA 


f/x JASN yUlUG yy 4(QApeaute Aue 03 YUae.efpe Aeuve Styy SlI,)JIULYAG 


144 





sue seus 
} syuquAeuve jul 
‘M9Ux POoUAeue INAS 
(JquAeuve “‘mau) peaueyo 
f/* epou ASvIe O9YY YYEM 
ePpou 3st GI FY SAULT pPpUe 4YStt gy] Aevyue 9YyY OJUL YVequnu gy Aeswve 
9YU SJVIASUL 4YESN GV9YY WOUY GSDIYIStvsayPIeueyDS ACvUe SJYab a9utyNoIU Stuy y¥/ 


{ 
s¥ LLe@D JO YUuLOd OY UN aU ¥xy/ suuniad 
{ 
fw SSIVIOIAG 9Y) Jeadayvu pue yy sow9y = f 
‘f= ! 
/¥ SAIIPUL |aSuaAaI MOU ¥x/ ‘tL = dua 


f/x dew 4tqQ yas vy {ExpuryAswujyysew f {xputyAQ)I/epeue ce (UId<-d) 


/¥ 49SP}O BIE [NICD x/ ‘@o% f = xpulyxsw 
fw xapus a3AqQ aye(NILeD ¥/ fe/f{ + $ * LINAYdN = xpUutaIAQ 
/*¥ 9IIMY OP ¥/ d} (44AS2S>AT OHA) IYO 


44 4dway “xpulysw !’xputyAq yu 
} £O% pip{ ty JINI|AS 
ff 4$ qut 


(d 4f 44) dewgeys 


fw 9pou yusved ayy 3O GJ] FYI OY Va YUIOd e 
pue Sd9Itput OM} |JYy UAALO dew yIq ASft[ AeVVe AaYI SJYAS BuULyNOy siyy ¥x/ 


{ 
f/x Opou Gy OY Ya ¥ULOd UUNIeU ¥y (0d) uunqau 
/*% @SIMIBYIO ¥/ ase 
/* VUOLY$PUOD VOUUD UIUNYaU xy CIN) YyNQadg 
fe PUNOZ YOU Yt ¥/ (Lapse == 9) 44 
/* Ja ULOd |aDuUeApPe y/ 4yxaU<ed = GC 
/¥ OP *PUNOZY YOU SBLLYM ¥y/ (PL =p CWNUARVC <aG)) SL 1YM 
fe Ja ULOd YdVCAS aZIL{ertyiul yx/ yxauUceupypre = d 
fe YUOLJVIPUOD HUIddOYS Yas ¥y ‘pl = wnudAeuvece type 


‘dy prAeve yonuys 
} sp! aul 
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s(QAeuse AYEpUNOG Sty, yO VOLIIPPE 9Yyy ys 4sapUlWway e se,)s }ULIG 


fx soqzediput AuepuNog yas y¥/ 44 42 GAcemMau 
/% SOA 3b xy } (,4, z= Sue) fi 
/* aSuOdSdI JasSN 4ab ¥/ 4() sueya6 = sue 
s/w sysul vasn yy 4(,(4u vo Ay & AOE AUVePUNOG e AeVUe MAU JY St,j)sQUlUA 
{ 
{ 
{He VIG 
/* @bessaw sOuUS YQUulud ¥/!/(QPAZLUOOIAY YOU SAA, )JQUlUG 
2314 Me;,ap 
$7e9Nq 
f/x YVOLJLPUOD HuIddOoyYS Yas y/¥ £4WSlv4 2 038u 
f/x A@JIS St AGA ¥/ £02 = GAjcuoMOU 
. 7,8, eased 
{7eaUq 
/* YO}ZPEPUOD GuUyddoysS jes ¥x/ $43Slv4 2 0 3su 
, f/x [b@s SE BGAQ xy 01 = GA<emMau 
| 3,3, aseod 
f/x Jamsue sO} YwySsS |ased yy } (suey Yo zims 
f/x A@SU0dSAY JASN 4a6 ¥/ 4() sueyabo = sue 
(02 e€a4)e vO tes), ) 3 9ULUG 
/* ODA JOH FSO vy £$(0 |= SLY S$ AOUUS VGA JEUM, J JULYAG 
/x OP !dO0YS JOU B9LLYM ¥/ } (93SuU) Ay_tyn 
/* QI] OF Bpou Ault x/ sd = HON QPIe<eMauU 
/¥ A9POU 03 GI AVE ¥/ ‘MOU = JJUd<eod 
{ 
f/x @Su0dsay Jasn yab ¥/ 4() wup} a6 = wnudAeJsecad 
/* QI] wey oue YsaNnbey ¥/ 4(QYay}JOUe Ya yua, ys qusud 


f/x GSw JOUJA YUIIG ¥y f{(QPeSN Apeasute Jaqunu gy Aevve Syui,)p IUSUG 
/¥ 4Nasul OU BLLYM ¥7 ) (GIA =i (CHIPEESYPYpPse4aG) Qyssus = LEA)) |YLYM 
/* QI aZ2petqzbut yxy euquAeve = wnuAeJe<cued 
| /* @pOuU gy MaeU JO} BHEVOYS aYeDOL[(eS yy | 
£(((ppAeue 39NGYS)4ZOAZIS) 44) DOLYES (¥ PLAeue YIONVYS) = G 
/x DOYS OU OY VUOLJIPYUOD Goo, yas y+ f3nel = dysu 
‘dy piAeve 4yonu4ys 
saysu “jen jut 
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GHOYPASE YoabyeyY By us SAHDUCYD a9HeW OF JASN J9YY SMOLLES BuLANoOy Stuy ¥y 


{ 
Je GJ A@sd& PLLOA UNAS xy 4(WNUARCVE<.d) UINIII 
{ 
{ 
{ 
24e9ISY 
/+x OSw JOUJUS JUutud xy/Y {(QpaeZitubodayu you puewwod,)y utd 
} 23(Neyap 
s4e9UG 
fx UOLYIPUOD Hutddoys Yas yy £3S1v4 2 d3su 
| 2,0, ased 
se esq 
/*¥ 9{GE [APA UW OF BHUeYSD x/ (Mau) Oydutw 
2,u, eased 
2 AeIIG 
/*¥ 9(Qe\ [BA xeOw OF S9HuUeYD ¥/ (Mau) Oydxew 
3,A, 98e9 
syeedq 
se 9(90% [APA AO OF BHUeYD xy 4(MaU) HYydAe 
2:,e&, ased 
/* Jsamsue JOjy Ywys assed y¥/ } (sue) YdIIMS 
/x 8SU0dS9I JASN 49H y/ 4() sueysb = sue 
4(_4°**9UO aesodyd,)y Uutud 
fe SUOLJINIISUL yy £(Q]IN)D Oyd {eA us)w ws 3UtSG 
/* JASN YyUsd ey $(QHYD xew {a)A Gyo {9A aHeyvaa)ye 3:5uU014d0,)j}3ULUA 
/¥ Op 4dO0yS YOU aL LYM ¥/ } (GSU) a ELyM 
/* DOys OU OY YUOILYIPUODS doo, 4as yxy fanyul = d4su 
| — f* SOA Bb vy } (,A,s= sue) 4! 
/¥ @SUOdSaU JaSN Yad ¥/ 4() sueye6 = sue 


4(,(U sO A) 2 PauUyNbay SaGHueYUD “SANLEA YALNeyap ayy YAlm,)y JUtUG 
fw JYSUL UVASN xy L(Qpapeo, Usaq aAeY Sa{gey AYLIOLSA Yabuej,)y Jutud 
{ 

/* Japutwas sasn jUulud ¥/ (o°**wayy aOueYyI,)y JUtUGd 

(9 3SNw NOA abueyD 03 SdLISpus IEveEYD Aeuye YvaYIO sasned,)s JULIA 
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/* UOLJYLPUOD HulddoySs Yas y/ £3Slv4 = a4ysu 
J SJiWtL JO YNO VAAY 4t ¥y CQCdALIN < $) tt CT > $)) Ff 
/¥ a9Su0dseyv yvasn 4yad ¥/ ‘() JUlQeb = 1 
f/x SUOLYINIUYSUL YASN ¥/ £(, 290A yoebyuey va qua, )pyaulua 
/*x Op !doOy¥s YoU VE_ELYM ¥/ } (GY¥SU) Sytym 


4(Q9yndut st yvaqunu dsdAy pELeAUut uve _ELJQUN |apew aq Aew pUe,)s ULC 
fx 4¥SUL YASN xy £(QAdA Aq Sapew Jue AYPPIOLSA wWNwixew 0} SAaHUeYI,)J ULVA 
J* DOYS OU OF UOLYIPUOD dooyt Yas xy | ‘yNnyl = dyasu 


faysu “t jut 
} sMauUxX POoUAeve YINIYS 
(MOU) BHyosxew 
/x A@sse UE YO} |BLGeY AXEDOAA 


wnwixew YaoHueY YY UL SADUBYD aHeW OF YSSN |YY SMOLLE |ULYNOY Siyy xy 


Je {12D $O YJUuLOD Of UINISI xy suunyay 
. | { 


f/x 2404S ¥/ £() 3804330 = [JTot) AeCAceMaU 

J* ANLCA MAU JSD xy £$(,(9PSswW) SNLCA MAU YdQUI,)ZIULUG 

SC (Tas ACAcemMaul ogy ALPUSIINI St, ys autsa 

fw JSYSUL JASN xy F(L4QPY BDAY JOY AQLDOLOA SHEyvaAe, )JJQuysa 


Jz JASN 04 OYDS xy FC [Tol] ACNceMOU4 NYY SL ONECA MOU, ) 4} JULUG 


(7% BSIMIBYIO ¥/ } asta 
f/x UOLYIPUOD Huiadoys yas y/ £4¥Slv4 = dysu 
se SYLWEL FO YNO |GAY YL ¥/ (CdALIN < $) $4 CT > $)) Bt 
f/x 9SUOdSAU YASN 49D xy ‘() yutqyeb = 4 
/* SUO$JINGYSUL YASN ¥y £(, 290A JobveY sa UG, )J JUFUG 
/*x OP 4dOy¥S YOU OIEYM xy } (G3SU) SEU 


£(Q aNdUuL S$ YvequNnu |adAQY pLLeAUL Ue 1{43UN |apewW aq Aew PUe,)JULUAG 
Jw J¥SUL YASN ¥/ £(QAdA AQ apew ave AYLDOLSA DHeVaAe 0} SabUeYS,)y Uiud 
/*« DOYS OU OJ UOLYIPUOD doo|t Yas ¥y fynul = dysu 


faysu #4 jul 
} smMaUy POUAeVeE YINVIS 
(Meu) Ou sae 
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s* SJOSUAS { [© JO} ¥/ } (444fVUDSUASDH49=4H) YOY 
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/* paeuvsdo jb ¥/ } eS|e 
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$(Q09POU ASE Gin /Gs)$QUL IG} 
/*¥ OP “Pus 4 YOU A9LLYM yxy } CLIPLEP =F G) SL SYM 
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/* OP 43Stt MSY JOU BL PYM ¥/ } CLIPS =F G) SEPM 

| . 4(OISEL PPOU ASH, SESPYYODAY YUaAS, “djy)j; JUtuay 

£(APWLYASAS4Q}YX% =z OWIY Ye, 4AGy)yqutudy 

/* O9pou Stitt AST OF Va quod yas yxy SyxUceupypis = d 
/* PauadO Yt ¥/ } aste 

£(Q9{s} YOZEuUDS U|aGO OY aL QeUN,)y UIA 


se @t$e Y2VeVIS YU9dO vy (TINN == (Cuda (WOULEJG)USGOy = Dj)) 344 
‘Sy [jUAa Yon ys 


‘dx YOSA 4ONVYS 
‘by pousuas INS 
‘dy pisuas yon ys 
» () 4LULYa 
/¥ Oty BYY 
WUtud OF AL LeEDLYewoyne waASAS ayy Ss[[eDd uaYyY pue aliy YDVeIIS e 
O23 3S${ APpou Ast, SpSaYJOdGAY YUeAD JyY 4O AdOD e@ spuss suLyNoy Siyy x/ 


EPS eee Ce SCC SSSR LESSEE SSS SS ESE SCS ESE SESS Sw, 


{ 
/* {189 39 YUuLOd OY UINJSeT y¥/ fuuNned 
{ 
SCOAdOIGUVH #9 GweU 9Y4y YIM, ) JULIA 
/¥ GSW UasN xy £(Q4FIUEUd |BYY OF JUas ASt|, YIeuy Josey, yy quysa 
/* FUss FY4YX Yulud vy $Cu4GLt AdOIGUVH 4S$1,) waasds 


/* F144 BYY BSOULD ¥y/ (03) asold3 
{ 
$yx9UJcod = A 
4(¥XDUICAA/QPY = IXOUIL Gy) yJUlUGy 
SC AYIIS | Kod“ YVIDEYS | Ko 4 4% AYDIS( $% = BICIS(, “GH ) PZ JULIA, 
$(AVICUCHAG/OUUSUDS cmwO4OPyY = AYIECU PX = OUISUSS, /djy)yJuludy 
£(O4QP% = SSouppe, /dzp)yaUludy 
£(Qepou y72euy Yobyey, "ayy y qQutuay 


/x Ja¥ULOd |aDdUeAPE ¥/ 


i" 


eel 











fw pou AST OF YULOD ¥/ SLLOFR 1M KH (C4MOlL ced) = O 
sx OP 43481 SAPOU BLLYM xy » (LIA® =F d) 9EEYM 
£(QO3ISE| @POU YStL 39S PLLA, dy); IULUGy 
£(QWLISAS4O9% = QWLY ey /dZ)ZRULIAy 


f/x @pou Ys]T OF JAYUIOD YAS yxy Stle<evuPyAae = a 
fx Pauado 3b ¥/ te 2S 

(OSLER YOZeIOS UadO OY aI QeuN,)4s 3ULUG 
/¥ F's YDIEIIS YUBGO xy CTVWIN == COM, SHOUL ESA) UEGO4¥ = G4¥)) 3! 


‘Dy [JYASA YINIYAS 
dy YUAD YINIYS 
} €) F4LULSA 
f/¥x AL by 94) 
psd OF ALLEDsYewoyne wayAsAS ayy SL Led usyy pue assy YRYeUOS 
© 02 3Stt SOPOu YASty JSS PLLeA GBYY 4O ADGOD e SPpuas ausyyNoy Sly ¥/ 


{ 
Jw LLe@D 3O Yurod OF UINIII ¥/ susunjad 
{ 
f¥ GSW JASN ¥/ L$(OAMOIGHVH JO GweU BYY YIIM,)JIUPIG 
4(QYaIULUG |yy OF YUaSs YASt[ SApOu ASit SeSSyAIOGAY YUuanG, jy) ULVA 
/* F(bf BPYY YUlUG #y $(u4GL$ AdOIGHYVH §AStl,) WEISAS 
/¥ 9[bs PHY BSOLD w/ $(93) 9SOLI} 
{ 
/¥ 9pOu yAStyt BRuUeAPe y/ 4yxuced = A 
{ 
f/* 9POU YAStt{ e@DaUuUeAPeE ¥/ $l |[O¢coed = JA 
| { 
/*x @pOu ysty eoueApe ¥/ SML [OseeS = S 


{(SNOLAUIO ce 4M [Of ce 


*OP% = JOMOLA PX = ML 1O$,4IAH) HF IU LIAS 
S(SNOJAIG<HS ! HULL <a 
*OPX = SNOVAUG PX = HULL, /As)ZVUL Gy 


£(S/QP% = Ssauppe, /dy)y utuay 

4(QA2POUu ASt|{ SILSBYYOGAY JUeAa, 4djy)sQutuGy 
sx OP 43S$L N4JYX JOU BLLYM wy } CLLCMLAcm4y =p Sy) SLEYA 
(J 40P% JE YAS PHLEA JO4, 4d4)y Ula 


212 





{(QEPOU YSLL JUPAS, /dJ)¥IULIAY 


Jf OP 49SLE ADYY YOU BLLYM ¥/ } (194%<eG sf BY OL LYM 
4(GO490pyZY Ye SlSOyYYOMAY VOLYJeEIDIZISSC{D JVOj, 4C3)} IUGUA; 
/* @pou ys] OY YUuLOO xy £YKOULA<ce(JAMO[ Iced) = D 
/* OP 4339 | SAPOU ALLYM ¥/ ’ ClIAlF =F AG) PLL 
£(QOISEL PPOU ASL YUBAG, 4dy)yduUtuGd}y 
S(PWLISAS/4OGX = wed YE, /Gy)eQULIAS 
/x @PpOU YS] OF Ya JULOd Yas ¥y fyxauyceupyl[o = A 
/* pauado jt ¥/ | } asta 
hag £(QO®L$} YOVEUIS UsGdO OY a1 qQeuN,)}y 3UtUG 
/* Ot$s Y2ReSIS UBdO v7 (FINN == CCumMa WEULLZD)USGOZ = GJ)) jt 


£Dy [JuaeAa YINsAS 
dy ysse,{o yonsys 
} () YHLYlLA 
/* F9Lts 949 
YUtud OF AL PeEdLYewoYNe WaYSAS ay S{j{eD vUayY pue atty YO_IeUSS 
©€ OF ISt{ Sepou YASty YUaeAD BYY 4O AGOD e Spuas ous yNoY siyy ¥/ 


Je {{OD $O YULOD OY UNO ¥y suunjyas 
{ 

/* GSW JASN ¥/ S(OAdOIGHUVH §$O BweU 94 YIIM,) ZI JULIA 

£(Q49IULIG ByYY OF YUuss YSt{ PpOu YStt{ Yas prlea,)y utud 


/*# Flbp FY JULIA ¥y $(uIGL} AdOIGYVH IS!ty) wWeISsAS 
/¥ ALbp FYI SOLD ¥/ £(04) aso{d} 
{ 
fx d9¥ULOd B9IUEANPe y¥/ ftlg<-d = A 
{ 
f* SaYULODG |BaDUeNPe yy {{lOgb<-d = b 


4(¥UICAAcnedD! | [OL <cHb 
4uP% = yuyeda PX = LlOsly’d¢) pF IUL UY 
S(APID[<aeD SHULL SAcHeD4QPZ = ABIGL PZ = AULLSA,/G,)p YUL IY 
4(b4QPy% = Ssouppe,/dzy)y }ULIAy 
{(Q9POU YASt| JOS PLLOA, dy) pe QULIAy 
/* OP 43SEL M4YX YOU JLPYM ¥y } (LECISAceG =F DB) GLLYyM 
£(44QPZ% Ye SISBPYYOGAY YUSAD JO}, 4AGy)y UtuGy 


213 





40P% = WUIAGLD PY = 3xOULs, Gy) pIULIGy 


L(APID[PcHeD “FULL ZemO“QPY = AVIG[S PY = AUS d, /As) JZ JULIO} 
£(049pP% = SSedppe,/dy)yuluady 


£(QPPOU ASE] SESBYJVOMAY YOUYeItZESSe ls P9saV[ ly, /AGy) J QUluady 


/¥ OP 43ISHE ASYY YOU BDLLYM x¥/ } CEECMWJ<-G =F BY BLY 

4(O4opy Ye StSaYyYOdAY VUOLJedtytsset~d soy, fay) z quludy 

/¥* @poOu YStT OY YuUusOoO yy £3X9ULPce(JAYB!YI<ed) = b 
/* OP 43j$9| SAPOU BLLYM ¥_¥ } CLILF =F GB) PLEYM 


4(O3Stt Ppou Ase SISaYOGAY YONI eal POVIITIS, /ApZ)HIULIAY 
S(OWLYISAS4OJY = DWLY Ye, 4d) QULUAy 
$yxauyceupul? = d 
} 9s1e 
(N09 t's YDIEUSS YUEedO OY SsiqeuN, ys yUtud 
/* O(by YoZeUIS UadO xy (7TNN CCuMy /WeUltydyuadoy = Gy)) ff 
4Dby {AGAYY YINIYAS 
‘dy ysse{o yoInvys 
y €) FE4LYrs 
/* 9Lby BUY JBUFuG OF Appedsrtyewo qne 
We AIsAS 9yyY S_LeDd YUayY pue Pits YOVeYIS © OF YSt{ Sapou ys}y| 
SISPYYZOCAY VOLJeEIIY4SSe,D Pavay_ty BYY 4O ADGOD e Spuas autyNoy Siyy x, 


/¥* 9POU YS] OY Ya JULOD Yas yx, 
/* paeuedd jt ¥/ 


fuunqad 


/* {LOD gO YUusOd OF UUNJeU yxy 
{ 


f/x BSW JASN ¥/ S(OAdOIGHYVH $9 FweU BYY YIIM,)ZIULIAG 
£(Q4Y@ItIUd yy OF JUSS YStt |PPOU YAStt YUaAS,); QUtVA 

/* Atty GYR JULIA ¥y 2(utIOL! ADOIGUVH ISti,) WeISAS 
/* O9tbs B9YY ASOI[D ¥/ $(dy) asolsy 
{ 


/*x Ja\¥ULOd adueApe ¥/ fyxauyceg = ad 
{ 


4yxaUlaceb = D 
£(USCDYIcnoD4YXAUL ACAD 

‘OPX = yUYeGYD py = IxaUle,/djy)s JULIA} 

P(A@IG [ Acaob* HULL AceO/OPY = AdUd{a PY = YAuL]a,, ‘dp )paUuLsay 

£(D/QP% = Ssauppey,/dy) Jp JUlsay 


/* J8¥ULOd adueApPe ¥/ 


214 





/¥ J9YUFOU |BoUeAPe ¥/ 44xUdeebD = b 
$( JUICDI<eD 4 YXUD<eb 
“OP% = yUseGD Py = 4xKUd, !ayyy Jutuay 


AGIGD PZ = AULLY,/GZ) J VULIGY 
$(0/09p% = SSauppe, /dj)yquluay 
£(QFPOU ASt| SIESAyAIOAAY UOLJediysssepd,/dy)yyuguay 


£(A@IdI cmb! HULL Ycnbd/OPy 


/* OP 43SE[ MSY YOU BLLYM vy yy CLE VWYI«-d =F by) ayLym 
£(9O4QP% YE SILSPYYODAY YUPAD YVOj,, 4/Qy)yJULIUG) 
/* @POU YS]T OJ YULODG yy £yxUdIce (VIYHYeed) = D 

/¥ OP 43491 Sapou a_LYyM ¥/ ) (13A@ =F G) Esym 


£(OISLE BSPOU YAStyt StLSa9yYODGAY UYUOLJedlytsseld, 4/dy)yyyutudy 
SC AWEISAS4O¥X = BWLD 2E,4/Gy)ZIULUGY 


Jx* 9POU AST OJ Va yULod jas ¥/ Stig<wupyaa = a 
/% Peuado yt x/ ’ } asje 

£(Q9Lt} YOJ@uUDS U|adO 0} |AlLqeuN,); 3UtuG 
/¥ O9tbs YOVEYIS U9GO ¥fY (CTIAN == (Cahn SWEULESA)UBGOY = G¥)) 3 


‘dy {GAYD 4yoOnNVysS 
‘dy yUAa Yons4ysS 
» () P4HLULYo 
fw 9the 94) 
JUtUd OF AL LedLBewoyne waysAS ayy S{Led UaYyy PUe al[ty YOIeYVDS e OF ASE 
SA9POU YSLI SLSAYYODAY VOLYeEDIZISSe{D ayy yO AGOD e Spuas ausyNoy Siy ¥/ 


J* Lte@2 JO YUuLoOd OY UUNIe ¥y suun jad 
{ 
/*x OSw JOSN ¥/7 £(QOAdQNJONYVH $9 Bweu |yy YIM VIAIULIUDG 39YY OF,)}9USVAG 
£(Q3USS YSt{ Ppou yStt_ SILSaYIODAY UOLAeDIyISSe,D pavaz[(ty,)y QuUtYd 


J* A9( be B9YY YUtud ¥/ SCu4Gs AdOIGUVH I3Stts) wa SAS 
Je O(bf FYY BSOLD xy $(94) esSo{r} 
{ 
fw saqyulod aaueape y/ 4yxreuuceG = A 
| { 
fw J94ULOG |AaDUeAPEeE ¥/ fyxaul[pjceerD = D 


£( WUD I<eO 4 yXBULZced 


crs 











Jw J9YULOd |ABDUeEANPE yy ‘ilg<-G = a 
{ 
fx da yutod asauedhpe xy ‘yxBUAcebdD = O 
$( SOON cmb! UXDUNcHRbB/YSe | Acad 
“OPX = JOGA PZ = YRXOUA PZ =z YSCLA, 4Gjy) ZZ yutsay 
SCL AAcnD4*2SUdS cmb! [SUAS <ed 
403% = LAAN PY = GSUPS PX = JSuas, !djy)yQutsuga} 


$(b/QP% = SSeuppe, /G4)y Uta} 
S(Q@POU ASL AJFIOLAA, G4) 4 ULVOY 


Jw OP *43StEt Nyy YOU Sy EUM xy } (VUSSAceoO =3 DB) ALY 
£(d49P% YE SLSSYXRODAY JUsSAS Oj, 4d})ZIULUA; 
/¥ @pou 3ST OY AULOod yy £YXAUA ce (UPUAcRed) = DO 

f/x OP 434A | SapOu aLtYyM xy } (19AS =F Gy) SEEM 


$(OISHl PPOU ISLE APLIOLAA, 4dzy) yg UlIAy 
C(PWEISAS4OZX = wl) 2E, 4s) QULIAY 
/* 2poOu YS] OF Jayulod yas ¥/ : f‘lig<eupyAa = ad 
s* Pauedo jt ¥y } asta 
(09s YOZe@udS U|s|dO OY ai qeuUN,); QUtUG 
/* Othe YOVeIIS U9DO xy (TIAN == (CuMy WEULESG)USGOZY = G4)) 4 
by YSLLSA YINGYS 
Gy yuAa 4Y9NIYS 
’C) F4HLYLA 
f* 91'3 949 
JUtud OJ AL Pedi Yewoyne wayAsAS ay. SIL [ed YUYyYY pue atey YOQeUSOS 
© OF IStt{ SapoOu YStt_ AZLIOLSA |B9yY yO ADOD e& Spuas Sutynoy Stuy y¥x/ 


Je {{@9 3O YJULOD OY UUN You xy 4uun jad 
{ 

f+ 68wW JASN ¥/ $(OAdDOIGUVH $O GwWeEU JYY YIIM Va IUtUG,) Zs JUSUG 

4(09Y4Y3 OF JUSS YSty_ PPOu YStt StsayYoaAY vVOlYedIyIsseld,)yqufua 

/* Fhe FYI Yulua ¥y (u4OL} AdDOIGHVH 4S¢14) wWaIsAs 

/* 9($f BY |SOLD ¥y/ £(94) aso,d3 

{ 

Jw Ja VULOd |aaueANpe y/ ‘tt3<-d = Ad 


216 





' 
- 
® 
? 
é 
- 
- 
8 
1’ 
‘ 
7 
‘ 
‘ 





/¥* J9VULOG BIUCANPR ¥x/ £yxUce-0 = A 
{ 


s% J9qULODG |BOuUeAPe y/¥ smULPpcev = J 
£(VUIG(Pcad/OPZ% = WGI Py ds) J QULIGY 
£(VUSSpPced/POIYPPcaeu/OPY = BUSHp PY = POHYSP, dy) FIULIGy 
L(KXULPh cand UDI PP cmd OPH = KMULPZ PZ = SGIPHy4GZ)ZIULIY 
£(GDAI[PH<nd/OPX = GAIL}, 44s) IUL IA; 

(4 /opx = ssaeuppe, /dy)yqubudy 

£(Qepou Ystl CYP Pave rity, /Gy)pJuluay 


fw S@pou eyep [bs [LE JOH ¥/ ) (LI<-6 =f 4) asym 
£(OUPL<ed/QPZ sOSUaS JOj, 44) 4 ULIG} 
sw pueyep {ty YST OF QUG xy ExU[Pe<e(PUcebd) = J 
f/x 2pou vosuasg OF YULOd xy s21puleed = Db 
/¥ OP 4243| SapOU aL LYM ¥/ } CLIPES =F G) ALsYyM 
f/x OfUl Yapeay ¥/ 4(OISHL ISLL C]YEP Ppova rl by, ay) quluay 
/* FLbp OF Gwty BILIM wy s(@WwLySAS/Ogy = GWLY Jey lay) yJULsGy 
/¥* pou YS] OF sud Yes yy fyxUceupYpIsS = d 
/* Paeuedd 34 x/ } 8S 19 
| (09's YOYeuUIS YUATGO OY aiqeuNn,)J aulud 
/*¥ O9($s YOVEVIS UadoO ¥/ CN == ((49,/weuUl$ya)yuedoy = G3)) 3} 


‘ux [jJEVEPS YINYS 
‘by pOusues yINYYS 
‘dy plisSuas yInuys 
} €) YULIPSS 
/* Ftt} 94) 
WUtud OY AyPeEdsyewoyne waYsAS ayy SL ped YeyyY pue alby YRVeVIS 
© 03 AIS$t SISty_ SYP Paua IL ty vOSUaS BYY 4$O AGOD e SPUSS |aulANoOy Sty ¥/ 


{ 
Je {TOD $9 YULOW O4 UUN Jeu xy suunyau 
{ 
/¥ OSwW sasn v7 $(OAdOIGUWH $O BWEU BYY YIIM,) FILA 
4(QYAPIVIUG YX OF YUSH YASi{ BPOu YSst AVILIOLAA,)J QUsUG 
se tbs 24d BUlsd xy (u49L} AdOIGUVH IStty) waasds 
/* Ptts BYY BEO[D ¥/ $(04) eSO[r3 


217 








Je L{@D 4O YUSOUd OY UN Jo xy suunjead 
, { 


£(OAdOQIGHVH $O Gweu ayy YItM,) ZZ IUJUG 

sw OSwW VAaEN wy §(QVAIWIUd GYY OF JUSS YASHy SISty ]|YEP Pays II 14, ) 4 9UfUAC 
fe {ty G4YI YUpuD ¥/ $Cu4GOt! ADOIGUVH ISb$ty) WaISAS 

/* 9b} YDYCIUIS B9YY VSO{[D ¥/ 2(03) eSOtr}s 


218 








s¥ apew saoueyd yt x/ } (Oy) 3 


{ 
J* YOEQVIPUOD HOutddoys ayy Yes y¥/ {4S 1v4 = 00 39SO0U 
/¥ OSIMIAYQO ¥/ ee 
/¥ YSty JoOovuey J9yY BFOueYS Ob y¥y/¥ { £(€() 3sepoys 
f¥ JOQYNEDIPUuZ BPHueCyD ayy YOS ¥/ sanuyus = OYyS 
J* SAA StL JomsSue jt yxy } €,4, ze sue) 44 
/* 9S5uU0dS9uN JASN Y96 xy 4() SuUe\aH = Sue 
f/x SaBbueyd ys ySe xy £(,(U FO AVZEIStL JabyueY 9yy OF SB9OHueYDS Aue.) JULIA 
/* GOS YOU ALLYM OP yy } (dOysSOU) SL sym 
/*# Stl JoGHueqy ayy Yutuad xy £() §as|tquua 
s* SAA St sSuOodseay jt x/ (,A, ze sue) jt 
/¥ Jamsue sasn peau y/ 4() sueyodo = sue 


/* yUulsGd AStt YooyueyY © SZuem By yt YVoasn 
ASE ¥/ £(,(U JO A)ZISHL JEBVeY yy 4O ANOYUsuGd e B2UISSP NOA Op,)j utud 
/* OL bp OF Bwty YUuaUIND |9Qtum yy £COWILISAS4 3%, 4A) JULIAG} 
} asta 
/* pauado aq ued Yt Yb x¥/{(OFLtY O|VEP UYU|adGO OY aI QeuN,)y auUsuaG 
/¥ SSIDIDE JYLIM YIM BLP} UDO ¥/ (TINN == Claman SWEULLYP) UBdOY = Gy)) Ff 
/* DOYS OU OY UOLYIPUOD OUIddOYS aS y¥/ fyNaf = do ysou 


/* 96ueyd Ou OF VOYeSIpUuL sHueYydS yas yxy £3SWw4 = 6y9 
fsue weyd 


4d04SsOu 46O6yd qui 


} () uaoeyep 


f/* SOLG@LFEA [eUJIIKSD OPN SUL yy w2*PLIUyxXea, 
/* @3e@p yoyevausb apnysut yy ,2*seAUab, 
fw © 37ep weyboud apni sult yxy yo*seaw6ad, 


<Y°OlLp ys> 


apny,outLy# 
apn,ouUtlg 
apn, outs 
apni ewuly 


Je “ALLE DEWEUAP YASEt YaHuey B9yQ wWOUuyY FJYIPlLSpP vO OY Ppe 4AyIpOw 

OY JOasSN ayy SMOLIE OSLE YT “Jaw Bye /OsvaJtyd uotyeatryse swosuags 

AJESSII9U YO9YUIO [Le Pue asHuey YUOt{AIIQYepP YOSUSS UIYYJIM BIe SJaOHue) 

$$ PeyevausG 3q 0} SuUuOQeALAIE wosuss sasned pue “suotyisoOd yooye] 

S2IEPDN Pue SHDPYD 4UaeEN |auUY AQ Pa JeVaueH syabHyey 4yO Ast] e© Sdsey 
YJ *syvosuas PuNoOIB AQ UO JeYVS@USH eYep Sayer Nwis aulyNnow Siyy ¥/ 


a9 





:yeoNG 

fe UOEVLSOMd JIG Yeyy Ut Q © ANG vy {( ([4UIG) yASeww) B= [(f] eYVEPS 
. /* 960e0SS9w JOuUa YUlUA xy 

SCOTS (CADAVcm(DEPUL <add) )4QPX VO} YOJeVSUAaD eyep OU, )y QuUtVG 


sayneyop 
2 Ae9IQ 
fx OS PeStugw vy £(4¥UDQ 4Itpuiced “eE\yeps 4f) PESUWOH = AI IOUS 
| | :000T eased 
/* adAy sOosSUuaS JO} YWYIS BASED ¥yY } (HOTS (ADAJcH(IIPUIceG))) YIVIMS 
/* SIOSUAES ELS JO} OP ¥/ } CLIPS =zT AG) BD9ELYM 
/¥ J49YUNOD BpOU Yes ¥y S| 
fx pou ystyt yvosuas YSduty OF YVaYULOD YOS yxy fyxUceupyupIsS = ad 


/* SpOlJad awly 4O Jaqunu Joy OP x/ } (4484(D9SYIGN*MONIMWL) > $402!) YO} 
| 40 = (1) e2eps 


fe ALLebasul sayAq eyep OsaZz yxy CH4ASSHYLXVW>ASO=H4) YO} 
/* JO9YUNOD UOLQISOD 3I1Q B9YY YAS ¥/ 4[ = vyuay 

f/x OSwW SOUS xy {(QOSFPtwWL, wesyb60ud Spsasarx|e PavINbay $y7IeI),) JULIA 
/* SYSWEL SPLSyNO 4b ¥/ | (SHYLXVW < JUISUaS) 4h 
fe SHDWEUZ 3$O VSQqunu autwyvayap yy 4() Us UNOD = yUISUAaS 
/* OWL} 2S@q MOPUIM Yas ¥/ fawiysAs = wi ysq 
/* 24INYINIIS eEYeP eYep yosuaS y/ ‘(smyixywyerseps veyo 


{dy pisuas yINnI YS 
4y4J9OUb faqwdy 44u4guaIq 4H 4F 44 Qui 


} () 3epsuab 
Jw SJOSUAS 4O yaquNU YJUsIIND ayy VOy EIYeEP yosSuas GSaJeVaUTDO BuIyNoy Ssiyy ¥/ 


s* LLO®I 4O YULOd O04 UUNIJau ¥, suungad 
| { 
/¥* @ [$3 PSO[IO ¥/ 4(0}3) 9SO {I} 
s¥ &@3eP yOSuas ayeuauab ¥/ “() Vepsuao 
Js YStl 396vey ayy YUldd ¥/ { £() St ua 
J% S@A St Jamsue jt y¥/ (,A, == Sue) j1 


/* @Suodsey yvasn 4ab x/ £() $uej4eb = sue 
f* JULIG ASt_ YaHvey O@ Syuem ay 34 YOsN yASe ¥/ 
£(4(U JO AVEISHEL J96VEX BYX 4O YNOQUpsd e |BYISSP NOA Op,)4s aula 


220 





(9¥SWty) YJOYaAow 
J* (OAVAJUL OWtyY PAatELSAPDS 9YY JOY SYI9HUlY LL e SA9AOW BUILYANOYV StyYy yxy 


{ 
Je UL@2 gO Yusod O04 UN You yxy suun ya 
{ 

SC CEPEIEPS! 94, 4AGs)ZIUL IGS 
/¥ YIQ ([O4ZUOD) YSIty O4DZ ¥/ £( (0) 4Seun) B= ft)e eps 

J/* P9SIMSIYIO yy as {oa 
fsx seyd {Nu Ou OS Yas x/ (QO) 7Sew t= 71) e3eps 

f/* SUOLYeEALYIE OU fb ¥/ (QO == [H} IEPs) 3! 
$C Uf} yxsewe) B= (4) e3eps 

/* SYOSUaS {Le JOY ¥/ (440 f2>f 2 CT +oway|e!)) soy 


f* 9YAQ YSet Ut SYtQ Huturewsay OvaZ xy } (CH#4bsLYUDSUSSsStsH=zt) IO} 
/*¥ &€ S¥lQ 4O Jaqunu Pppo x/ CO =t (9 4% JDAISUSdN ¥ MONIMWL = GWEQ)) §! 
{ 

Jw HDOL[D WAYSAS YYUoWwadIUL ¥yY C(JAISHFIN / OTT) +2 BWILASAS 

fe JUawWaAUIUL YaYYOUeE SYsOulY BAOW yy £(}JAISHUAdN / OPT) YJOIAAOW 


/¥% JA9YUNOD YIQ JUawauduUt ¥y/ 41 ¢2 44uUdq 
J¥* ASILMIDYQVO yy aSje 
{ 
70 = (47 ©Veps 
f/x ALL@bapul SayAQ eyep oOyvszZ yy CH44SSHYLXYWrASO=HA) YO} 
fe JAYUNOD 31qQ Yasou yy fT = 34uUdq 
{ 
SC CAPS VEPS 4 9Z,4GH) PZ IUL IAS 
/¥ ALG CLOFIYUOS) ASI$Y ONSZ #/ $C LOPASCWe) B= [AP EIEPS 
f* ASIMJOYQO x/ as oe 
fx seud { {Nu OU OS Yas ¥y 4{o)xasew $= (4) e 3eps 
/¥* SUOLJYEALYIE OU Jt ¥/ (O == CAJPEIEPS) Ff 
/*# F( bp OF YNO JYAtUmM xy } (4442 UISUaS>SyIQ=4) YO} 
fx sosuas yoea JOy 93AqG LINZ © Bt ¥y/ } (9 z= yvyudq) 344 
| 4 
f*« JOSUAS YxXeU UHILe@ OF YVaYUNOD YUuowsauduUL yy syHy out = 


f 
“fw J9¥ULODd YSt|{ BoueAPe y_/ £yxXUced = Gd 
{ 


Za 








f/x a6eSsaw JOUJe YUulUG xy F(QPOOYSVapUN You PUeWWOS, yy yUtUG 


23 4nNeyap 
2Ae VI 
f¥ PULYNOS YIKD xy {3S IW4 = 340306 
3,0, eased 
sxe auq 
fw 2Uu0 AQ BuO [eUIWIYIAY OF YSt{ y¥/ 4() yAqeuo 
3,0, eased 
syeasQ 
/* FALte ADGOIPsYy OF YSt{ JseGBueQy yxy $() Adoopsy 
7,4, esed 
fx SUOLAdO JOY YUaWIAVeYS VSed ¥/ } (MSUC) YIVEIMS 
/* @®SUOdUSAN JASN Y3OH xy £() suej,3a6 = msue 
4(,°°*9u0 asooyds, )y UlAG 
/* YSb{ SUOLYDO wy §(QIEN)D we 3ULIC 
£(gleutwyay OF GUO AQ BU)YO ASHt ADGoOIpPve)Y s$Suoijdo,)y yutud 
f* GOS YOU |V9LILYM ¥/ } (340306) af tym 
f/¥ UYOLZIPUOD Hupydoo|l, f{etYseUst YOS x/ £3NyL = 3103900 


smsue yveyd 
4210306  yufs 
} €) 3sljausd 
Je SJAJaweved yabvey pue YSt[ 3abye. J9yy Syutiud auLyNoU sSiuy ¥, 


/x (© ¥O YULOG 03 UUNIaU ¥y/ susnjad 
{ 


/* 3Stt 3O YNO JYoovyeqy aye. y¥/ 43INON = [$}]290A}36) 
J» Gew 340 ¥/ (CAdVWXVW < [8)4901303) FS CAdVWNIW > [$)4901396)) 
f™ YY’ gt ws Ff CKAVWXVW < ($9 *901369) Ff CXAGVWNIW > (8) *2901369)) 38 
f¥ uotjeoso, A aHueyd xy £(0°OT 7 CEVALEAIOI w AISWtd) += (4) ATD0[ 396) 
/¥ uosyeso, x aHueyds vy £(Q0°O] 7 ([tPXfeAIOY vw GYSwid) +e (4) xD0 [964 
fw yaosey © st ¥7 } CINON =F [$3 90A9I69) 33 
fw 490NeY YReS JOY xy } C++ bSSiOitxywrotsost) 43 
ei yu 


} gadyswiy yeots 


222 








fw OWhy JUSIUINID YUlud ¥/ 4(AWLYSAS 4’ HOYY Ye.) J IutuaA 
/¥ @USl © ALAS ¥/ ——-£(04) F aU FIA 
fw SUOLYINGAISUL yy F{¢(QeWLY O@ YE BUO Bit} YJaHyueJ, yy autuad 
J* JASN AAIGO ¥/ £$(984) YHNOUYX days OF UIUNJSU aHePUUeD |aYyy eSN,)Z Uta 
£06u900, ‘away 4 yu 
} () TAqauo 
f¥ puewwod §,vaSN ayy UO Butiy e ye |BuUO 
{eutlwsa9y ByY OF YSt{ YJebyuey eyy yO AGOD e© Spuss |auIyNoy Siyy xy 


/*¥ {[@D 3O YULOU OY UN YSU ¥/ suunjad 


{ 
SCOAdQIGYVH #9 FPWeEU 9YI,) J IUIIA 
/* J9SN WYOJUl ¥Y F(MOYISM VOYJUIIVAG OF PaUVaysUeUY YSit YJaGbvey, yzyautsud 
fe SOYUIIAC OF PUSS v7 LC yIGL} AdOIGHVH ISb1,)WAISAS 


/* @([$3 9SOL[SD ¥/ 4(AGDIPYG) )aSOl[ 3d} 
{ 
$C CEJ ADOL IOI! (Ly xXDOL IGA QE HX = ADOL FX = KIOL, *ADGIPYG}) yz aurudy ” 
SC ULPALAAIGI“ CHPXLAAIGI“O¥% = ALSA BR = KL OA, ADGIPYO})yIULudy NI 
$C C8) FDAVIGI TH QOPY = SAAQPZ yabyvey, “AdIPYyas) ss autudy 
fe ¥aHued YOED JOY vy Y (44FES19IXVW>t soz!) YO} 
f* O9WtQ JUSPIINI B9YEIM y/ 4(PWEASAS4QYHY YO, 4AGIPYGj)}Z JUiIA} 
f/x Op *pauado 34 ¥/ ; } asia 
£(OFLts YOVEUDS uUusdoO OY al qeun,)s aqutua 
/¥ GYLIM YOY LEY UDO ¥/ (TINN == (CuMy “WeULLya)UadOy = AGIpyay)) 31 
4) jul 


fAdopydgx 3104 
} () Adoopyy 
/¥ FL bp GUY YUFud Of AL Leds QYeWOYNE WaYSAS ayy SI[[eD UaYY pue 
Qtby YOeUIS e© OF YASt| YaGHyey yy 4O AGOD e Spuas BaULANOY Siyy x/ 


/* [[@D ¥O YUulod OY UUNYaU yy 4usnyau 
{ 


se auq 











J* Jsaqyaweved yeGyuey e V9Hueyd yy 


/* 39Hyueye vsyal(sep yxy 


Jw* yeaG6uey e@ ppe yxy 


/* SUOLYdO YOY YUaWUaIeYS BSED x/ 
/* @Suodsay svasn 4yeb ¥/ 


/* Su0O14dO ¥y $(Q3!N)b 

fx JASN ASt{ ¥y £(973906NVeY ee BYIALa)p 
/¥ Op #doOys you a[eYymM ¥/ 

Jw UOLYIPUOD BHuidoo|] yas y/ 


weyved 46 y es6uey)ds 


3,0, esed 
¢7e9Uq 
4() wuednyd 
3,9, 9Se9 
24e9NG 
$() 3StUeIP 
27,p, esed 
:ye eI 
$() 38[O3pe 
s,€, 93s8e5 
} (4ymMsUue) YOIImS 
4() sueyeb = wmsue 
4(4°°*°9U0 a9S00YNI,)}3 3UtUG 
u)}3ULUG 


Yaove, e ppye 3Su013ydO,)4y UlVG 
} 


(3!d00,) at eum 
S3NYl = YEdoo, 

sumsue weud 
sy1gdoo, 4) yut 


} () asslOyo 


/J* ASH 39H6yeY 29Yyy BHueyds OY VaSN B9yY SMOL LES V9uUIANOIY SlyyY yy 


ye [12 3O YULOdG OF UUN au ¥y 


J*x abesseow sOuse yutud ¥/ 
J* OSIMIBYUQO ¥/ 


/* UOLZtPUOD Hutddoys 49S ¥/ 
$C ($7 A90( 9694 (8) X90(909 05% 
SCELPALOAIOGOI! C4} XL 9AIGI“ ONS 

$C €£$] PGAYIGI“ TH+ h4OP% = 
/* PaSsasd yD ot ¥/ } (Oe = 


/* UOLYIPUOD OUdOO[ 4aS ¥/ 
s* SJaGBe [ {ee YO} OP yy 


‘uuNn iad 


{ 
[(COdgud FUL YA 
as|a 
{ 
$3Stv4 = oCbdeey 
ADOl 3% = XIOL,)} 3USYA 
A{PA 3% = KLPAL)J JULY 
adAgpy aHveI,)JQUsUG 
= (()4e4239b = Gway)) }} 
(OB608ex) ALUM 
Sanul = cbdea 
 CH#ehSSl9Lxvwotso=at) 403 


224 








4you jf *payesoy ,e Apeoupe sepouyu yAsit 4O yvequnu yvadOud ayy sey 
JOSUAS © ft GIS OF YAStE YICIVY YaHyueY 9yY SyHSeYD BusNoy Stuy xy 


{ 
/*¥ ~ELed $O YULOd OY YUNDOD UINJsU ¥y £(3UNOD) UUNIas 
/* SAPOU YJUIUIND-UOU |aYaLIAP ¥/ £() pou yoyp 
{ 
f¥ J9¥UIODG YStt VoueNpPe yxy 4yxUceO = A 
{ 
2 AeVIG 
f¥* 3Sty YICIYI YaHyuey YIaAYD vy (J, /OUPpti«ce-d) YIUQAYS 
J¥x 920A Hod9auUN JOY YICIUQ [ BPutyap yy ‘1 += aunod 
: i: saynejyap 
sACVI 
f* ASttE HOC IY Yawbsuey YOaYD ¥x/ £([4OuUpPpt ced) AYYWAYD 
fx Q9GAY JOY YOCIY JT OuLyop ¥y 41 #2 JuNnod 


-O0007T eses 
fs S@dAyY YOSUAS JOH YWIYS BSED wy } (OT/S(PAGAIMcH(DPPUL<ed))) YOZIMS 


f# SHICSY FLE IUNod ¥/ } CLIPIS =f G) OEEYM 

f* @9POU YAStL YSdIt}y OF YRQULOD JSS ¥_¥ $yxUcesPYPIsS = A 
ym YUNOD aZiperyeul xy ‘9 = YuNOD 

s* J@YUNOD HICUQ ¥y 44yuNOoD. jut 


4dy PpiSuss YONIIS 
} €) ys yuNnos 
J* MOPUIM OWIY YVEENIIVIeEd e@ JOY PVYeVIuUIaO 
9Q O07 SHICIY VYOSUSS 43O Vaqunu ayy SYUNOD s9usLANoOY SiYyt ¥/ 


{ 
/* {te $O Yurod O39 UNA yy 4UUN Jad 
| { 
{ 
SAeVIG 
/*« 96essow JOUUe YUNG ey f(QpOOY¥sSvspuN You puewwods,)sautua 
| 23yneyzap 

sHe Id 


/# YLXD 4O} UOLI}PUOD Yas x, £9S1v4 = I}d00| 


Za0 





/* SAN[EA Letylut Spou ysilqeysa 


ys HULL YsSpiqersa 


SWiLINT = 29@3S[ <-GWe) 


{O75 AVICUcadAUa 4 
x / {pi = OUISUAS<-dW9) 
4dwoqy = yxdUuUq<ceYU 
¥/ fb = yxauic-dway 


J¥ @60403S AUeSsSarddU aYeD.OI Ie ¥/ 


£(( (4493996) Yonuys) fJOHZIS)4]) BOLTED C¥ AYYIOY YINIYIS) = Gwa4 


Js SapOU PauINnbsay ayy sO} yy } 


/* Sapou 4st 


Je ([@2 4O YUuLoOd OY UUNYay 


J* @pou paydajye Yyxau OF |BAOW 
J* PaHIAYDS Yse, swiy ayepadn 
/* PUNO} UaaG |aAeY ($)apoU 
/* @681MIaY {0 

/* Sapou pauinbay Jyussut 


/* SJaYULOd |adUeApPe 
/* pa ,edO{ You ai 4yym 
/* “UOLYSPUOD GOYSsS YdUeVSS aS 


Jx SsayusOd peyyuUl yas 


¥/ 


¥/ 
¥ / 
¥/ 
¥/ 


¥/ 
/* PUNOY YULOd Yyasul xy (( 442393 


¥/ 
¥/ 
¥/ 


¥/ 


(4446 furl sget) 404 
4OW9Yyx AYY¥IOY YINIYAS 
$$ gus 
} £D0y¥ 4dy 4IYVIOY YINIYS 
{pb ¢u yu 

(Pt “Bb 4G #U) pUIBIUS 


¥yeaHyuey 43O svaqunu PalylS9edS 9YY SJYysesus Bulynoyu SuyyY xy 


suunjou 
{ 
$yxaujyce-5 = DO 
f9wiysSAS = AYDIS{[<-b 
) C++ bsustsost) 409 


9S|9a 

¢qunupt 4b “a 4u) puqoyut 
== Db) $$! (wnupt < OuUUBUaS<nb)) jt 
{ 

$yxaujy<ed = DB 

‘oO = dG 
} C(wNUpt > OUUSUeS<ceb) B91 14M 
swnupt |= OUUSUdAS<—-[ 12) 


$yxauyce-O = D 
speEayy ua 
‘by $Gye 4IYV¥HY YINIYAS 
$$ yu 
} gu 4wnupy ut 
(u 4wnupt) A4IAYS 


/* *Sepou 4O saqunu yvadoud ayy sayeds0iye 31 


226 





J/* UOFJXIPUOD Huyddoys jess yy {4S v4 = 03su 


f¥ PUNOY YOUS AYdua Ue yt ¥/ C(JNON == (!$)90A393OI) 34 
J UOFJZEIOL BONY |] YOY YIVEAS Hy CCSLIIXVw > $) BBE (GIS4U)) FLLYM 
f* J9AUNOD 9ZLLOlalul xy 0 = } 
J DOYS OU OY UOLYIPUOD doo, aZsjetytyt ¥y f‘ynyut = dyasu 
44 4‘daysu jul 


} () Aslo ape 
J LLMs YOU Jt YAStYL YJabyuey yy OF Ppe OF wasn © SMOL IE Sutynoyu siuy x/ 


{ 
J*¥ {LOD JO YulOd OY UUNIdaU yy suuniyad 
{ 
{ 
4yxaujye-d = DO 
fx¥ SdaYULOG |S9IUeAPE ¥/ so = Gg 
f¥ OSEMIAPYQO yy ee 
{ 
fwx @6eyu0yYs V9Yedoi peep yy, 4(0wd9 y) Vaud 
f/* 9pou yxeu OY JAYULOD PeV| YosB x/ 4yxeujyeedway = bD 
f¥ 49JULOd AuUeVOGWIAY Y9S yy {6 = dway 
J¥ HAUS YeE9UQq ¥/ 4yYXxOUYc-D = JYxIOUIceA 
/J* AlLJussIND BuOp You AIeYD jt ¥y/ } CawlasAS =f AYXIS[«<-b) 34 
/* YStl YONOIY, YOU BLLYM ¥/ y (Lte33 =P BY Ftsym 
$yx9uy<ce-G = D 
se SHPJULOD [ebytut Yas yy speaeuy = a 


4GWA9Qy 4DOy %dy FAYYWOY YINIIAS 
} () pouyoyp 
/* *“AS$l GUY WOUY PBAOWSU Bue AdYY 4PUuNOY ave AUS YT “*SuOsueS 
G@AL3JSE OU Be SusYyy YDILYM VOY YUaS%ud aUe SBepOU YItYM Bes OY $xIEUY 
Buy yUNOD 3O Pus JyY Ye YASh] YICUY Yabuey HByy syHdaYD BuLynoy Styy ¥/ 


/* ({{@2 ~O YUuyOU Of UUNIaU ¥/ susundas 

{ 
se J URYY auOW Jy sayUsod Yasau ¥,/ ¢dway = b 
_ sawtLaSAS = AYIIS[<-dway 


22] 








3,3, ased 


fw SU0OL4YdO sO} YJURWIAJEYS V9SeD ¥/ } (sue) YIIIMS 
/* @Su0dsau yvasn 426 ¥/ $() Suejyeb = sue 
(4 °**°9UO aSO00Yd,)s4aulud 
$(Q3$N)6 uJ VULYA 
fx SUO13dO x, 4(guoy ed0{)A x UOLJeDO) | we UIA 
fe JASN YULUD vy £(QA AVLIOLA)YA AZLDOLSA)X BOA)Y FSUOIAdO,)s QUssd 
f/x Op 4d034S OU BL LYM xy } (G3SU) BLY 
fx JOSN WOuyY YVoaqunu ysabueY 49H yy $() 303390 = 1 
/*« GOS OU OF UOJJZIPUOD GOO| YP9S ¥/ ‘3nuyukl = Gasu 


esue sveud 
f‘aysu “t qui 


} () wueddyd 
f/x Ja oaweued yoHbyuey e asHueyds OJ vasn &@ SMOL[eS B9ulqynoy Siyy xy 


{ 
/¥ L[led $O JULIOd OY UUNIJIU ¥y fudsNjau 
/¥ 49G6seY 9Y 991 9P ¥/ S3JNON = [!]) 890A} 3D q 
fx JO9SNM wOuyY YVOaqunu 4aHbueJ 49H yy () 363396 = } 
sp gut 


} () 3ISlwsIP 
fe IStl 39Hye, YY WOUs YOHUeX @ BIT{LSP Of JASN |YY SMO (Ee GULAINOY SIY] ¥/ 


| 


{ 
Je {(@Dd JO Yurod OY UNAS yy suuN ad 
{ 
fw YOtLZEIOL A YA2HUeY YAS yxy (tb) JOSADO|L 
fw uotyerso, x 396yey Yas yy (4) yesxd0| 
Jw AVLIOLIA J YsaHsey Yos yxy 4(t) JZEeSALIA 
J/* AYLIOLAOA xXx JaHueY Yas ¥x/ 4(t) JOSx [aA 
f/* 9GAY JYOaHueY 49S ¥/ (4) JESGAY 
J/* OSIMI9Y{IO ¥y/ } asjlea 
f+ GSW sOUUS JuluGd xy {(OLINS Sb IStl-F9LQuSsoOd you yuasult,j)y yulud 
/¥ PUNOZ UOLZISOd Aydwae OU 4t ¥/ (SLOLXUW ‘) +f 


om Ii 


/*% J@YUNOD YUaWavIUL ¥, 44 
/* ASILMIAYYIO ¥/ asia 


228 








J¥* OSIMIIYQO wy } aste 
/x 6Sw JOUUSP JYUulUud xy {(QSpUuNOg 4O YANO UOLAdtUIEGIP adAy,)J AUlua 
fx aBuew adAy 3O 3YNO Yt wy ((CdALIN < $0W93) FE (1 > baway)) 3 


f/x J969¥UL OF YUSAUOD yy 4() yuljyeab = taquay 
fe SUOFYJINGAISUL YVOSN JYUulUuDd ¥y/ 4(,99GAY vaIUG,) HY IULUA 
/* OP 4GO4YS YOU ALLYM yxy } (GYSU) BELLY 
fx GOYS OU OF YOLtYlpUuoODd doo] jes ¥/ 4nd = dasu 
saysu 4tdway yu 
} g$ aut 


(t) 2eSGA4 


fw wuOLzyedo{t Aeuve SYtL UFAIHB O9dGAY JYoaHyuey JyY $SYa9s B9uyqynou Siyy yy 


J*¥ LLeOD 3O Julod OY UINISI ¥y/ sudsN Jad 
{ 


sAeVIq 

/* BswW JOuUUSO JUlUd yy {(QPOOYSYspUN YOU PUewWWOI, JY JUG 
saynejyop 

syAeedY 

fe YEXD OF YUOLYIPUOD Huyddoys IOS ¥/ 443Slw4 2 dysu 
3,0, 2S5e9 

SAE VIG 

f/¥ UOLJeEDIOL A, BOHueYD yxy $(b4) JESAIDO; 
3,A, eased 

se aUq 

f* uotzyersoy, yx 96ueyd yx/ f(t) yosxoo| 
s,1, eased 

sxe auq 

YaSAIBA 
3,4, 9509 

sxe 9UQ 

Jw AYLIOLAA x BHueYD ¥/ $(b) yoasx tana 
3$,%, 2ge5 

¢xeauq 

Jx 90CAY VUY BHueYD y/ 4( bt) JESGAY 


229 


Jw AVLIOLAA J BGHueydD yy 


ea 
-«~ 
™= 
w—_ 





f/x BOSW JOUJS YQUutud xy £(QSPUNOG 4O 3yNO py0n0d yx,)y }ULVG 


f/¥ SpUNOG 4O YANO Ft v7 CUXAVHXVW < $OW9d) Fs CXAMVWNIW > $9W93)) 38 
/¥ YULOTG BHulyeoty OF YIPAUOD xy £() JEO[ SIO = jsaway 
f* SUOLJINIYSUL JASN YULYG ¥/ £(,4(0001=0000) PY9O2 win xX YaIUe,)J ULUG 
| J/* OP #dOYS YOu aL PYM yxy } (GSU) BELLY 
f* GOS OU OF YUOLYtPUNOD doot Yes y¥y/ fanyl = Gasu 
| 4ydway yeots 
— g¢0dysu jut 
} gb aut 
(t) Jasxoo]4 
few UOtVIAVIP Xx A9YY UL YUOtYeEIO_, YJoHvuey |9yY SYP9S Pus NOY Siyy xy 


/*¥ t§O2 3O YULOd OY UUN aU ¥xy/ suunqad 
fe 9J0¥S 4QULOd BuLyeoty OF YYAAUOD xy 4() JEOLJIGB = F4PALAANIGy 
Jw JYSUL JASN yy £(,UOLYIIUIP A YQ UL (DASsw) AXVLIOLAA ya qua, )y uUluad 
£(QO(YINOCS) UMOP YUSWAAOW SAaYeIIpUs AJLIOLOA AALYebaU ey) JULUA 
} gf aut 
(1) yasAyaa 
f* UYUOLYDIAUIP A APYY UL AYPIOLOA YJoHyuey ayy SY9S a9uyynNoy Styy yy 


Je [Le $O YUuLoOd OF UUNJaU ¥y¥ susniead 
f* 9409S 4QULODG HuZJeO,}Y OY YUSAUNOD wy £() JEOLSIH = [46] KL AA GH] 
fw JySUL VASN wy £(,UOFTIAVIP x BYQX UL (DASywW) AYLDIOLAA va qua, )y juLuG 
£(0C JSAM) YsSaE OF YPUAWAAOW SAYEDXVIPUL AYLIOLSA APALYebHaU eC), QU$UA 
} ff aul 
(t) sasx [aa 
f/* YOLZIAIVIP KX BY UL AYLIOLSAA YJabyvey 9yY SYAS BPuLWNoIU Stuy xy 


J*¥ {LOD gO Yurod OY UUN aU ¥y \ fuunjad 
i { 


/* YUOFV*EPUOD Hupddojys yss yxy s3Slv4 = d3su 
fx 9dAY YOHICY YdsN0e xy st0way = (4) 390dA}6 4 


230 





/¥* SpUNOG 4O YNO yt ¥/ 


C(CSLOLXVW < $) 
J¥ 4#9094QUtL OF YJIAAUDD yxy 


lies )) 34 


sx SUOLYINIAISUL ¥7 £(,39604e} BYY JO Jaqunu yosHueY va qua, jy} qutua 
fw JASN JUutLIDG wy 4(Q°ISIL BUY UL ASHtY St | VEQquNU yaG6yey, )y JULIA 


J* OP 4dOYS YOU SBLLYM yy 
fx DOYS OU OF UOLYIPUOD dDOO{ yas ¥/ 


} (G3gsou) aL tyM 
$3NNHhb = G2QS9S0U 
faqysou #4 gut 


} () 363)3<ab 


/* JO9SN G9YQ WOUY POSN 39qQ OJ YsaquNu yaoueyY BY $Y9OH B9uANoOyu Siyy yy 


Je {LO 3O YUSOU OY UIUNYaV xy 


fx UOLJLPUOD Hutddoys yas yy 
sw UOLZEDO] YoHyey gp Yoasagore yy 
/* A@StMIJ9YQVO yxy 


/* OSW JOuUa YUiUG ¥y 4£(QSPUNOG 40 


f* SpuNOg 4O 3NO ¥L ¥/ (CAdVWXVW < $90W9)) 
/¥ B9IOF¥S £3ULO0d GBusryeoO py OF YuaAUOD yx, 


suunijad 
{ 


$9S v4 = dasu 
$3G0W9) = [t})ADO{ 36 4 
: } asia 
INO PYOOD A,) J VULVA 


CAdVWNIW > #OW99)) 31 
1() 3801436 = yawa) 


231 


fw SUOLIINGYSUL JASN JYUIID xy £$(,(O0D0DOT-0000) PYO99OD WIN A 49949, ) 4} IULIUAG 


/* OP 4dOy¥S YOU SL LUM ¥/ 
/* DOYS OU OY UOLYIPUOD doo, yas ¥/ 


} (G3SuU) a{tuM 
f3nul = disu 
$yQuay 4yeo{j 

— gdysu que 
} gf aut 


(1) yasAoo| 


Je UOFZIIAIVIP A GPYQ UL VOWIEDOL JoHyueyY 9YY S$YSS 9usANoY Siyy ¥/ 


J*¥ tLtEelOD $0 YUSOOU OY UIN JAI xy 


fx “UOLVILPUOD ButGddoys yes yy 
f/* PsOOD yx Ydaace yy 
/* PSIMIDYQO gy 


{ 


suunyad 


{ 


3S 1lv4g = a4ysu 
$jQwa y = (4)x30{ 36) 
; — " -y astea 





~9WLYSAS) BBC CIVA4- (SU<Hb) DEK((IVEIS | <-G)-aWyASAS))) 4! 
f+ UOLVeEALQVIEe Ye asned yxy 4({yyuoq)7sew t= {f}8S 
/* UOtLYIPUOD BHutadoys yas x/ £4S v4 djsu 
> CECE (8) 8dA9I67)PesIePceb’ => ((((((0%2) 
(FLQNOP))4A)MOD) 4 (((0°2) (C®ALANOP))4x)MOG)IubS) (JeOL4)) 4} 
/*¥ YO YEYIIEM ¥/ LCOS OT¥(AIO(Sceb= (tJ AI013601)) (CALGNOpP) = A 
/* ¥9H5CY fb YIOYD vy 1(O°OT¥(XIOLS<-b-(4}xI04362)) (AI qnop) = x 


/¥ 9494X StL JabyeZ e ft vy } (ANON =i [$]90A}}963) 31 
f¥ UYUOLJEALVIE OU DLLYM ¥x/ (dysu) jt 
sx Syabsey [[e 40% OP xy (+48 SS19IXVW>b2Qzt) YO} 
(CeWtLySAS => ALJIEWJ<-d) 
f* payeniyoze aq ued yvosuas jt yxy BB (SUKHeD =e ((VDCYS[ <-d)eBOwWIYSAS))) jt 
se AL pesytut Ysq Ovaz vy {((4y3UIq) yxsew.) y= [f]S 
f¥ J94ULODG @2uUeNPe ¥/ 4yxaUjced = A 
sx @pou yybiy ye [f$3UN OP ¥,/ (+4b2 fab sont) Joy 
J/¥* @POU YSu}} OF VRaYULOSG JOS x/ £yxaud<eepeCayy = a 
f/x DOYS OU OY UOLYAtpUOD doo, yas yy fynul = dysu 


fdysu ¢t jul 
$dx 443306) YINIYS 
4A 4x a1 Qnop 
} sO0¥ poOusuas 3I9NIYS 
‘(js yveyo 
$yyuoq 4f aul 
(y2Uu9q “b “Ss “f) piSuWob 
fw uUudLyeuNoizuod 
A,{yuO Jywstias 9yy UL VOSUSS PEStusw © YO} EYeP Sayeyvauab |autLynoy Siyy ¥y 


{ 
/¥ (4292 $0 YUOd OF KaPUt UINYAU ¥/ 4( Jat) Uno, 
{ 
fx UOLYIPUOD BHuiacdoyAs yes yy $4S1v4 = G3SO0U 
fx OSpmMuayqO yy as |@ 
Jx OSW JOUUS JUG xy {(HPUFYY YaHueY OUL);} JULVA 
/¥ 9494) YOU St yYaoue. e© ft ey C3NON == [Te!$]} 9049969) 344 
“fe @SIMIIYIO ¥/ as ie 


f/x OSwW JOJUFI JYUtUG yy f£(gspuNOg 4O YNO Sj} svaqunu yobyeJ,)y Uta 


232 








/* PasSN sxdeuy YO VaquNU UINIaU ¥/ 4(1) usnias 


sx UOLZeEAHVIE 3O awty Yas yxy saWLySAS = YIeS{<-d 
/¥x §94¥UNOD Yasas ¥/ 4]. = AIeU<ced 

fx OSIMJIYIO xy as|a 
fx J9YUNOD YUaWaV.UL ¥/ 4] +2 AQVICUCeA 


/* SNONUZIUOD VOLYeAIVIE jh 


¥/ (CC IVA4t CSU KH) )=>( (DCIS [ <-D) 


{ 


235 





fx O9dAY JOY YWYS BSED y/ } (COLsSPDAI<eS) YOIIIMS 
) 


/* P8¥S9 Bulag wosuas YO YOu j4t xy } (S =e J) be 
f¥ OP #9SbLL FO PUD YS YOU S9LEYM ¥/ } CLUPIUSK<-B =z S) SL sYM 
{ 
sxe aug 
/* Ylwt{ UOsqJezyOIGKS Yas y/ ‘S°y = y 
f¥* SAGAY JIYYO [LLCO vO} ¥#/ sy~neyeop 
sxe aug 
/* YkWtE UOLYeVIIGKS Yas y/ 6G°y = Y 
yx A{UO DiWStes pPlStutwW sO} xy [000T aseo 
sx @dAy vOSuaSs sO} JYWYS ASED ¥x/ } COL/APGA<ed) YOZIMS 
fw 9POU YS]T OJ} YUIOU ¥/ xUce(JPCAYUc-bD) = S 
/* WNS UOLJEYDAdKS aziyeiyiul ¥/ ‘0°90 = [eA 
sx JUD UOLIeALYIE azELey_iut ¥y 90 = 44ud 


/* 9WtY PaulNbayv =< AEM Siyy VAaQ SeY YOSUSS jt ¥y 
} CCCMONIMN * MONIMW1L)(30014)) =< (UPSUGAYced = BWLYSAS)) 4h 


/x PALYSUueBUaGAY YOU YOSUSS jt xy (0°00 z< UPSIGAYced) jh 
/* OP 4YS$E NJYY YOU BLLYM xy } CLULIUS<eb =f 4) BL sym 
/¥ 9pou sosuas 4ST OJ YUIOTG ¥/ sxUce(UPeCIYcebD) = J 
/* pou Aeuue OF YULODd ¥/ 4s¥UDceO = DO 
fe OP 498tL{ N4YX YOU GLLYM ¥/ } (LIple =F Gy atsym 
/* Apou 3ystit IST OF YUfOO ¥/ ‘yxauceupyple = a 


4uqud yul 

0e 4 4{eN 4y Yeo 

‘Sy 4sy pPOUSUSS YINUAS 

‘by poudeue 49NVIS 

‘dy ptAeuve yanu4s 
} () O4TtOl 
/* JT [LPA@t 02 GQ FeASE_ BENYU YUOSYINPOuG ee st |aulyNoyu Siyy sy 
/*x SP9([QEPYeCA JeUGaAXD BPNIIUL xy w2*PPIOULXO, SPN [uly 
f/x €ep weuboud apnidut ¥/ ,2*sZOAWHG, spn{ouly 
<Y*OIPAsS> SPN [IUlF 


J*« weuboud svosuas 
PuNoVo Jy 94} AG pesNn Sa{Nyu VOLYINPOuG 9yy SULe\YUOD 29ENpOow Siyy xy 





/* FT LPAAP[ OF QO [PAP| 


/* (LOD 4O YULODG OY UVUN {aU ¥/ 
f/x J49ULOd s2ueApe ¥/ 


/* J9YULOG |adUueNpPe yx, 


f* aJ0OUBL ¥/ 
/* S@ODAY JAYIO [Le YO} yy 


/* AALYLSUSSVAGAY 0} YAS yy saw 


‘dx pliAeue yon ys 


} ¢) T4TlOl 
9{NyY VOLJINPOVG e& st SuLyNoy styyt ¥/ 


{ 
*uunyasg 
{ 
4yxauced - a 
{ 
{ 
{ 
{ 
syeauY 
7-3 ([NeOZop 
syeauq 


YSASme = UASIUGAY<edT 


f/* UASGAY 3t xy ((68 < YIVPDXA<-4) BS (y < YIIAXI<nI)) $t 


/x A{UO DiWStasS PIStutwW YO} yy 
/*x 8dAY vOSUaeS JOY YUWYS |aSEeD ¥/ 


2000T ased 
} COTsSPECGAI<eod) YDIIMS 


f/x 9O6849Ne Y9D xy FLON -» (49UT( ICO) 7 OT) = 6e3 


/* A([Gt*ssOd YVOSEIeGWOD jt x/ 


/* J®ULOD |aDdUeApPe ¥/ 


fx au0ubt x/ 
fJ* SOA9GAY YVIYIO [Le JO} xy 


/*x WNS YUOLIEYIIdXD YUuawaudUL ¥/ 
/x J9IUNOD JUaWaUd.UL xy 


’ (0 < JUD) 3! 
{ 
{ 
yeaugq 
y[Ne,ap 
sxe aUQ 
{ 


se 98% 


$y +2 syuo 


se SUOLJENILED Us Papniout aq P[NoYs sOSuas 4t ¥/ 
} €00°O =< YO$S$OKHS) BB COCCMANIMN ¥* MGNIMW1) (38913) ) 


=< (UV9SUDAY<=-8 = BAWILYSAS)) BRE (0°O 
/x Al[YO Jiwstias Pistutw Joy x/ 


=< UdSUGAYceS)) jt 
0001 aseo 


235 





J+ a4JOUDL xy 
J* SAGA JAYIO [Le JOY ¥/ 


J* WNS UYUOL{YCVIIGXOD JUswAIUIUL ¥x/ 
J* JAIYUNOD JUuswIaIdUL ¥/ 


‘ye ady 
sy ENeyop 
syeauY4 
{ 
$JIIPAOXA<-S 4¢= [CA 
‘]— ¢= JqUDd 


Je SUOLYEIND[eED UE papNydut aq PI NOYySs yOSUSS jt yxy 


} €(0°O =< YOR}SOKHS) BR CCCMONIMN ¥ 
=< (UESUDAY<oS = BWLYSAS)) BR (0°O 


Jwx A[LyuO dtwsias pisiutw JOy yxy 

Jx O9GAY JOH} YWYAS BSED x/ 

/* P9IS9 Butseq svOSUaS UO JOU jt ¥x/ 
/* OP 4YStt_ $O PUae Je YOU aE_ELYM ¥/ 


Je YlWLY UOFYEQVIAGXS| Yas xy 
sx SO9GAY YaYYO [Le JOY xy 


Je Ylwht UOLIYEVIIDXSD Jos yy 

Jx A(VUO IJiwssasS PliStutw soy ¥y 
J* 9GAY JOSUAS JOY YWYS BSED yy 
/* POU YS]T OF 4YULIOd xy 

J*x WNS UOLJEJIAGKXSD |V9ZPLeLJILUL x/ 
/* JUD YUOHJEALVIE aZLpes agus ¥/ 


MONIMWL) (98O1$)) 
=< U9ISUDAY<eS)) 3 
0001 9eSe9 
} (OLsSPEGAIK<=S) YOIIIMS 
} (S =75 4) $f 
} (CLYUPIUS<-O =p S) B9LLYM 
{ 
sxe au 
7-S°L4 = V 
s3nezap 
sxe aUq 
‘S$°f = V 
20001 @sed 
» (OLs@GAIc-4) YOIIMS 
xUce(JIPPCAY<ceD) = §S 
f0°0 = [eA 
0 = JqQUuo 


fe OWLyY Pauinbay z< AemM Stuy YU|eq sey yvOsSuaS jt ¥/ 


} CCOMONIMN ¥* MONIMWL) (C9COtS)) 
/* PALYSUASYVADGAY YOSUAaS jt ¥/ 


/¥ OP 49Sbt N4IYY JOU BELYM ¥/ 
/¥ apou JOSUAS YS] OF YULODG xy 
J*¥ apou Ae®uye OF YULOD xy 

sx OP 43Stt NYYY YOU 2LLYM ¥y/ 
/¥ 9pou 3S$t{ ISJT OF YULOD yy 


=< (UASUGAYcau 4 BWIYSAS)) 34: 
(0°O > YASIGAYcHJ) 3} 

} CLYUPIUS<-B =F J) SHUM 
sxUce(Upeay<ceb) = J 
43¥UdGeuoO = D 

} ChIpse =z FG) SEbUM 

syxaucesupypie = a 

gJ}2uUD yu 

foe. “{eA 4y YeOTy} 

{S¥ 44Jy¥ pousuas yon uysS 

fb¥ poudeuve YINIIS 


236 





/* @A$}V9e yOsuas ayeu 

jx Ajydwa you ysty jt 

/* apou eyep 4M AST OY YULOd 
se AALQVDIEUL StL VOSUaS jt 

/* apou yosuas 03 YUlLOod 

f/x Op 43Sty_ NYYY YOU BL LYM 
/* apou 3YStt YSuly OJ YULOd 


/¥* | feAsg],{ O04 


/*¥ Lte9 430 Jutod OY UUN Ia 


J* Ja ULOd |adUeApe 


¥/ 
¥/ 
¥/ 
¥/ 
¥/ 
¥/ 
¥/ 


0 {eAe| 


¥/ 


¥/ 


J¥ 49 ULOd BIUeEAPE y/ 


fx au0ubl 
/* SA9dGAyY vayO [Ye JO} 


f/x P9ALQISUaSUSGAY You OY Yes 


¥/ 
“/ 


¥ / sawtysAs 
J* AALYLSUASUVaGAY YOU 4t vy 


((OD8Y => JOadxacnu) 3} 


f/x A{UO ItwWSltaS PIStuULW JO} 
/x adAy sOSUSES YO} YWYIS |2SeD 
jx 2604uane Ya6 x/ 

/* F919QtSSOd UOSsStuBdWOD jt 


/* J39yULOU |aQuUeApe 


¥/ 
¥/ 


4yIQ@wly<ced = VOJ JO CHD 


C(Lteace-O =f 4) jt 
SyyOlu<e(Pesy<c-eb) = J 
¥ (0°O > UOZzOced) 31 
f9tpul<«e-G = DO 
} CLIPEtS =F GB) SLELYM 
yxuceupypis = d 
‘dy NeYeEPS YINVAS 
‘by pousuas yonvys 
‘dy pisuas yons ys 
} () 24ttot 


{Ny UOLYINPOVd e St aus NOU Stiyy ¥/ 


*usN aT 


{ 


{ 


{ 


:4eaNq 

23{Neyop 

se auq 
ussludAU<ed 


(VY => 3I9AAXS<Wed)) jf 


70001 assed 


} (OLSADAI<eU) YIIIMS 


syea w (43U9(38013) 7 OTT) = 60) 


¥/ 


as 


» (0 < 43aUd) bf 
{ 


{ 


23/ 








/* A(uoO JiwSt9a9s prstutw yoy yy >000T ese92 


J/x 9GAY JOY YWYIS BSED y/ } (OTsSEPCGCAI<=S) YIZIMS 
/* pP2Isay Buraq sOsuas VO You jt ¥/ » (S 23 4) ft 
f¥ OP 43Stl 4O Pus 2e YOu aL sym ¥/ } (LUEIUS<-b =F S) SLLYM 
| { 
sxe aUG 
/* Yhwel{ YUOLJeYIIOx|S Yas yxy ‘9°9 = 
/* SA2GAY saYYO [[e& VO} ¥y 231 Neyap 
xe 9UQ 
Je Yhwty YUOLtyeyIaoxa Yas x, 99°90 = 4 
jx A({uO DiwStasS pi_Stutw soy x/ [0001 eseod 
f/*x 9GAY JOSUSS JO} YJWYIS BSED y/ } (COLsSAPCAJV<od) YOIIMS 
f*x 2POU YS] OY YULOD yy xUce(JPCayYcebd) = S 
/* WNS YUOLJeYDIIdGxS aziperyius ¥/ 40°O = [ea 
/* JUD VOLJEALIIE azsperyiur ¥/ 40 = vquso 


/* OWL PeutNbay =< AOM SiYY USaq sey svOSUaS 4 ¥x/ 
} CCOMGNIMN * MONIMW1)(C3POL$)) =e (YOPFOKHY = BWLASAS)) 341 


f* PALJVICUE JOU VOSUGS ft xy (Q°Q =< YUOP4OKHI) jt CO 
fs OP 49StL MJY YOU BLLYM ¥/ } (tULIUS<eb =z 4) ALtYM NX 
/* 89pOu yoOSuaS ySsS]{ OY yULOAG yx, sXUce(UPCIYceb) = J 
/* apou A@syue OF YULOD x/ $J¥UD<e-G = DO 
/¥ OP 49¥Stt NYY YOU SLLYM ¥x/ } CLIPHE =F GA) PLEPYM 
/* 9pOu ASt{ IST OF YUuLOD xy $yxauceupypie = U 


4squd yu 

Oey 4 {eA 4g YeO {3 

‘Sx 44% pousuas 4InNsys 
fbx poudeve yoInNsyS 

4dy% prtAeue yonIysS 


} () Z4TlOl 
/* JT [@anat_ OF Q [PASE ViNy UOEYONpPOVG E© sy auyyNou Siyy ¥/ 


Je {{©9 3O YuIOd OY UIUN Yau xy fusuNnyoad 
{ 

fx J94¥ULO0d BDUCADPe ¥/ 4yxUced = AG 

{ 





‘by pousuas 4yoInv4ys 
‘dy pisuas onus 


} () O42ITt 
/* 2 {AAPL OF FT [AAS BEN uotyonNpoud e st autynou siyy ¥y 


J* tte 3O Julod Of UN Ya xy fuunyad 
{ 
f* J9¥UEOd |a9IuUeApPe y/ 4yxaUced = A 
{ 
fJ*¥ 49qULOTG BIUeAPEe ¥/ ‘xUced = J 
{ 
{ 
{ 
f* @4OUDL ¥x/ ye aug 
J% SAEGAY JAYIO {{e sO} ¥/ 2yyNneyap 
sxe aug 
J¥ AALQVIEUS OF YOS vy f9WLYSASe] = YUOJYO CHT 
Je AVICUL Jl xy ((60Y > JICDKA cod) BY (G > JPIADKAcaed)) jt 
/« Atuo Itwstas PsStutw svoj xy 20001 eased 
J*x O90GAY syOSUAS VOY YWYS |ASeD ¥/ } (OLJAGAY<cuo4) YOIIMS 
J*+ @9B6CY9AG YOO xy FLOA yy (4IUD(ICOLJ) ~ O*T) = 0) 
/* A(QiLSsSod vospuedwod 4t ¥/  b (0 «< J2Ud) Bt 
{ 
f/x J9JULOd aQueANPe xy 4xU<ceS = § 
{ 
{ 
fx @4u0ubt yxy sxe 9IQ 
/*x SAdGAY sAaYQVO {Ie sO} xy sypNeyoap 
:yeodq 
{ 
/*¥ WNS YVOLZeVIIPIDXSD JuawauIUL x/ $YIIIDKXAceS 42= [LA 
f* JA9YUNOD YUSsWwaudUL yy 4] #2 4QuU9 


/* SUOLYELNI[CD UE Papnytout |aq Pp_NoYSs yOSuaS 4A ¥/ 


} ((0°O =< YaSYGAYKc-S) BR (CCMOGNIMN ¥ MONIMW1) (3€°1$)) 
=< (UOSJOKHS = BWIYSAS)) BR (0°O =< YOH}HOKHS)) 3! 


239 





Je {{@D 4O YULODG OY UN Yay 


f+ J9YULOD a9IUeAPe 


J¥* SOGAY vay_VoO [[e yo} 


fw J9YULOG B@IUeCAPe y/ 

fw OWtQ UOLJeAIYIE Yas yy 

/* apou eyep pavar[{ ty &@ BYEBID y/¥ 
fx OP #43Stt NYY YOU ALEYM wy 


f+ Oulyvay_bs 40 BAGAY YAS y/ 

f/* 9uUO ayeaud x/ 

/* YUSSIIG YOU jl yy 

J/* apou adAQ awes JO} youeas y/ 
/% ASIMIFDYYO vy 


/* BulLsa tf} YO ADGAY YOS x/ 
/* POU MAU YyasSUL PUe |ayeadD y/ 
fx S@®pou YSt{ OU Yt ¥/ 
/* APOU YASt{ AST OF YUYOd xy 
/¥ PJD SEYY UL SUOLYEALJIE 34 
sx apou eyep yn YS] OF YUYO" 
/w A|[UO DJiwSstias PlsSlutwW Joy 
J* 9dAQ JOH YwYS |ased 

/* @pou syosuas OY YULOd 

/* OP “Asst Nyuyy You ayiyn 

f/x pou AS${ IST OF Yuyod 


£() ULUpsys» 


¥/ 


¥/ 


¥/ 


¥/ 
¥/ 
¥/ 
x / 
¥/ 
¥/ 
¥/ 


susnjas 
{ 


{ 


sxe aq 
Sapnezap 
sxe aq 

{ 


4yyuOtdceu = J 
$yIQwlyced = PICU cH] 
4(S) upSjyo = 4 
} CLEC AKHB =f sv) BL LYM 
{ 


$0 = GAIYIPj<-S 
4(0) Ulupsjyo = s 
} CVIN == S) $f 
$(9 ‘0) UulLUPSs;s = S 
} asje 
{ 


$9 = GAILPy<e-S 
(0) ULUPSjIO = §& 
} (La<=-0 == S) 3 
SxU(P3<-(PY<-0) = S 
b (LseAc-Od =z yy) 4h 
{YO sce (PeCAY<ce-b) = J 
. [0001 aseo 
» COLsSPDAIceb) YOIIMS 
s2'pUl<ed = b 
} CLIPES =z_ GA) SL LYA 
yxUceJIPYUPIS = Ad 
$() UPSyow 4 ye 3e’IePS Yon AS 
4() ULUPSj2v “Sy [yeXVeps Yonvys 
‘uy neyeps yonuys 


240 





J* GS2GAY JAYYO [Ie JO} 


f/* J9ULOD |BOUCAPE ¥/ 

f/x why UoOLZeALQI,E Yas ¥/ 

/* apou e34ep pava {ts O&O B9QC94D xy 
/¥ OP 49StE NYYYI YOU BSL LYM ¥/ 


/* Hulsayg~ty 4O BVADAY YSIS yxy 

J* QUO 34YedND ¥/ 

/¥* YUISeIG YOu jh xy 

f/x 2pou 3dAy awes sO} YOIeIVS ¥/ 
/* 9SIMJ9OY IO ¥ / 


J* Bursoyety 30 BGAY QOS ¥/ 
/* POU MAU YsaSUL PUe |9YeodINdD x/ 
/* S9PpOU ASt{ OU Jt ¥/ 
J* OpOU YSt[{ IS] OY YULOD y¥/ 
J/* PALYILSUASVadAY YOU YOSUSS jt 
jx Pud SItLYY UL SUOHVEAZVIE 3i 
/* apou eyep yn AST OJ Yuyod 
se ALYUO Diwsjas PisStutw soy 
f/x AGA JO} YWYS ASeD 
/* apou sosuas 04 YULOd 
/* OP 43Shq Nay You ayrym 
/* @pou Asst ISfT OF YUlod 


¥/ 23(nezseop 
24eIWIG 


{ 


{’YyOtdced = Vv 
fJICwtyced = YOCWI<CoHy 
4(S) ups}2 = ) 
} CLEC AKeBD =F 4) FSELYM 
{ 


{ 
41 = GAYIPj<eS 
$(0) ULYpsSjo = S 
} CVIN == S) $f 
(yt ‘b) uLYUpsjss = Ss 
} asta 
{ 


f[ = dAV(Ps<es 
4(b) ulupsyo = § 


} (taceD == S) 4 
SxuULPy<e(PY<ed) = S 
¥/ ) (0°O =< UaSudAYcab) 31 
¥/ (Useacebd =G 4) 4h 
*/ £yyOpuc-(Peayceb) = J 
¥/ -Q00T ese 
*/ } COLSADGAIK<eD) YOQIMS 
¥ / eatput<ed = D 
*/ } CLIPIS =F G) OLPUM 
¥ / fyxuceupyplis = a 


$() UPSpow “de yeqQeps yonsys 


£$() ULUPSySx¥ 4() ULUPSJ oy %S¥e [ZeEYePS YINIYAS 


/¥ 2 [PAA OD | 


‘dx Ne\yepsS yonsyS 
‘by pOUuSUasS YINIYS 
‘dy pisuas yonuys 


} () T42tTl 
JAAS, B@(Ny vuotyONposaG e St auLyANoy styy ¥/ 


24] 








{ 
fe WNIEP the JST OF AYUSEL v¥/ 2S = §S{<-+3 
f* 9PpOd edAYs{AGwod yes ¥/ 4SqA@= = [AWOdI<e-) 
f/x JWty BIEPAN Yes ¥y SOwWsYSAS = PANWhJ<-) 
f/x OWtLY PJHOUQUSD Yob yy 4(S) wWtyudsj{o = puyUdIdI<e) 
f* SUOFJZEALVIE *OU 49H ¥/ 4(S) yoewuybo = yosewnu<-j) 
J* 49S PLLCA MOU e@ |2YeAIND xy 4(b) JYaSAqyud = 3 
f-* ¥OS BJA9LGWOD yt ef } (SAA =z (C8) [AGWOISA = GAWe)) jt 
fx punoy yo eW OU {Yt ¥#/ CARO == et 
J/* IStl Yas PlrlLean Yoveas yy 4(S) UPsOYSA = Q 
/¥* PUNOY 3b ¥/ } CVIN =i S$) Ft 
J/* & SUOLJEAZYIE Yuauynd xy (4) {Pty¥S = S 
/* OP 43St{ ASYX JOU JULY ¥y } (laced =F 4) GLtym 
/¥ pou AStt{ IST OF YULOd yy SXULP$<e(PY<eD) = 
/* A{UO DtwSsas PISpusw JO} yxy SQ000T e8se9 
/*x AdAY SSUS JOY YWAS |SeD ¥/ } (OLsADGAI<-O) YOYIMS 
/* @pOu sosuas 0} YUlod x, s91pUl<ned = b < 
J OP 43SLL MNYYY JOU |LEYM ¥/ } CLIPIS =F G) BLLYM 
/* @pou YSt|t AS]T OF YULODG xy £yxUceupupts = Gd 


fqua y jul 

$() wtyudsyo yeot}s 

£() VOSAYIO¥ 4() UPZOYSAN 4}% YASA YONIYS 
$C) IPisySe “Se yeyeps yonsys 

4iu {yYeVeEPS Yyonsuys 

‘Dy POUSUSS yINVyAS 

4dy¥ pltsuas yonsuys 


} () OYeiel 
Je € [Ana, 0 |F [aAna, SLNY YUOLJINpOouG e© St DUE YNOY Sly xy 


Je (1D 4O YULODG OF UN Yau xy suunjad 


{ 
fx Ja JUSOG BVOuUeNPeE ¥x/ 4yxUcwoO = A 
| { 


sxe aNq 








s* Qwty ayepdn yas yy 

s* OWL PLOUQUsD 4o6 yy 

fx SUOLJEALYIE *OU Yoeb xy 

/* YAS PLLCA MAU e |2YeAIUD yy 
/¥ 49S 9YAI[dWOd © You jt xy 3} 
f* PUNOY YDZeW OU Yt ¥y¥ 

/* AIStL Jes Ptylen YyouesS yy 
/* PUNOY Bb ¥/ 

/* & SUOLYEAZYIE YuaIUINI yy 
/¥ OP 49StEL NAYY YOU SL EYM ¥y 
/* epOu ASt{ YAS] OF YUuLOd yy 
/* A\uo Jiwstes PlLStusyw JOY y/ 
f/x @0dAY VSUS YO} YWYS BSED xy 
/¥ 9pou JOsSuas OJ YULOd yxy 

f/* OP 4YSHL NIYY YOU ALLYM HY 
f/x @9pou yYsStt{ IS]T OF YULOd y/ 


/¥ % 


/¥ t{{e@2 $0 yuroOd OY UUNIaYU 
/¥ J93USOD YSstl aduUeAPe 

/* @JOubL 
/* S9GA\Y svaYyIO [Le oO} 


/*¥ J30 S{ S{ @IBP LH} DUAPE 


[9Aa, 03 2 


¥/ 
¥/ 
¥/ 
¥/ 


¥/ 


4QWEYSAS = PGNWIIX<-) 
4(S) Wlyus{yo = PuUardcey 
(8S) yoewuyo = YoewunuceQ 
4(D) YAaSAQYUD = Q 
(ON =2 (€8S) [GQWOISA = Gway)) jt 
CVIN == 3) $8 
$(S$) UpsOYUSA = Y 
} CTIN =i S) $8 
(4) IPl3vS = S 
} ClLI<ebD =F J) BL tym 


4() YASAQII,y 


[ 9Ae| 


{xU[P¥<e(PY<eb) = 4 
>Q000T eseo 
} COLSEPDAI<e2O) YIIVIMS 


491pUl<eG = b 
} CLIPtS =F GB) B_LYM 
£yxUceuPpyupIsS = ad 
4‘dway yu 
4() wtqyusyo yeor3 ~ 
4() UPJOYSAy %Jx¥ YAaSA YINGYS q; 
() IPLts4S¥ “Se 3e3epS yonuys 
‘uy 1309ePS YINVYAS 
‘by pousuas 4yoInNv4ys 
‘dy piSuas yoInuys 
} () IHelel 
@{Nuw vuoOtzyINpoOvd e© si |ButyNoyu Siyy ¥/ 
{ 
suuNnjau 
{ 
$yxuUeeG = A 
{ 
{Axe adq 
syyneyap 
xe aNq 
{ 


SxULPfced = J 





f/x YAS D9Yopdwod yt yy 

/x punoy yoyew ft 

/* IStf{ Yas Pl[eA YdueadS 
J¥* PUNOYZ jt 

Je & SUOLeALYIE YUuauIND 
f/x Op 43St{ Naya YOu |ayLym 
/* Bpou 3YSt{ 3ST OF YUuLOod 
fx A[VuoO DswSt9sS PISturw so} 
J/* 9dAY SSUS JO} YWYAS J2SeD 
/* 9pou sosues OF YULOAd 

/¥ OP 4YSEL ASYYI YOU BL LYM 
/¥ O9PpOU YSt{ Sq OCF YuLOod 


} 

¥ / 
¥ / 
¥ / 
¥ / 
¥/ 
¥ / 
¥/ 
¥ / 
¥ / 
¥ / 
¥ / 


(SBA zz (CS) [OWOISA = GWa)) 41 
CVIN =f 3) 35 
$(S) UPpzsOYSA = Y 
} CVIN =i S) #4! 
-(4) ([Pts4¥S = S 
} (Clia<-2O =3 vy) SL tym 
$xuUlpy<e(PY<-0) = J 
[000] ased 
b (OTsSA0DAIKce260) YIIIMS 
s2i1put<eG = b 
} CLIPHS =F GD) SU PYM 
4yxuceupyuptis = d 
‘owa} jul 
4() wtyuds ao yeo ty 
4()}) UPJOYSAHN 4Jy¥ YSSA YJINIYAS 
() [Pls 4S¥ “Se yeQepsS YINIYAS 
‘uy (3e03eps yonsuys 
‘Dy pousuas 4INIYAS 
‘dy pisuas 4yoInNIyS 


} () e4elel 


/*# © [PAPAL OF |P [PAG_ BLNYU VOEYINpOud e sy Suiynou siyy ¥/ 


/J* {Lea $O AULOd OY UIUNIed 
fx 49VULODG YASi|{ BIuUeAPe 

/* avoubt 

Jz SAdGAY YaYIO {Ie wo} 


J* 430 Sst{ St e3ep [$$ QUApe 


sx wnxep {ts IST OF AUF 
J/* @pOd adAys{dwod yas 


¥/ 


¥/ 


¥/ 


¥ / 


¥/ 


¥/ 
¥/ 


suunjad 


{ 
{ 


sxe aUqQ 
s3,neyap 
sxe aUQ 
{ 
£xul[Ppfjceed = Jd 
{ 
$S = §YS[<=3 
SON]= = [GQwor<-) 


244 





/* 3St{ 39S PILTeA Youeas 
s* PUNOZ Fh 

se 2 S$uolyeaAtyoe YuauUND 

f/* OP 49SttL N4YY YOU ALLY 
/*¥ apou ystt YS] O§ YUtOd 
fw A(UO DiwSltas PtStuyw yo} 
f*% A20dAy 4wSuS JO} YWIS aSeD 
/* apou sosuas 04 YULOd 

f* OP 43St{ NJYQ YOU |yLYM 
sx 9pOu YSt{ 3S] OF YuUuLOod 


/* & 


Je LteOD 3O Yurtod OY UYuNIdu 
/*« J3393UIOd Ystt{ BIuUeApPe 

/* a9u0uUd}t 
f* S9GAY JayyO {Ae sO} 


sx s4d S{ S{ e2eP [$4 DUApe 


/* Apod adAyys{awod yas 
s¥ Qwty a.epdn yas 

fe aWty Plouquad 4yo6H x/ 
Je S$uotyeAiyose *ou 4a6 


¥ / 
¥/ 
¥/ 
¥ / 
¥/ 
¥/ 
¥/ 
¥/ 
¥/ 
Yuf, 


{PAA{ 03 2 


x / 


¥/ 


¥/ 


¥/ 


¥/ 


¥/ 


¥/ 


iif 


$(S) UupyOQSA = 4q 
} CVIN =i S$) 
:(4) IPls4S = 
} (1 a<-0 23 
$xU(Py<e(PY<-b) 
[0001 ase2 
} COLsSADAIcHBK) YIIIMS 
sPipul<eG = b 
} CLIPS =z G) SLLYyM 
fyxucespypis = ad 
4dway yu 
£() wtyudsyo yeot} 


£() UPZOYSAy 4x YOSA YINIAYAS 
£() tPtg4uSe “Se yeyeps yINuys 
‘sy [3eO3CPS YINGAS 
‘by pousuasS yINVYS 
$dy pisuas yInvysS 
» () f4¢etel 
{[9AI{L F9LNu vuotyoINposva e© Sf BuLyNoy Sryy ¥/ 
{ 
suun jay 
{ 
$yxUceOd = GA 
{ 
{HEAIG 
syyneyap 
$HeIAUq 
{ 
{xU[PJced = J 
{ 
{ 
SS3A = [GWOIXK<-] 
{awh YSAS = PANWIiA<-4 


£(3St<-3) wequdyo = 
(S$) yo2ewuIo 42 


245 





fx s9qULOG @IuUeAPEeE y/ 


/* O[9AD Yse| 


yo se x/ 


J¥* 9 YAL[dGWOD Yas PLPeCA Fyuew UYUoyQ ¥x/ 
/* 949 03 SMPIPSU Yt PUES 2[ DAD Siy 


} €CSAIA =i 


sx apou ystt 


/* % 


/* (te9 $O YUuLOd OY UUNIaI xy 
f* J9WULODG YSt[ BPRuUeAPe yxy 


fx 9SJOUDL ¥/ 
J* SO9dGAY svaYyIO ([[e JO} ¥/ 


Je J3G S[ SL OVEN [tf DuUApe yy 


fx 9pOd a9dGAYy{dwod Jes y/ 
Je Fwiy ayepdn yas yxy 
f* @why Ppouquad yao xy 
f¥ SUOLJZEAILQVIEG "OU 4Yob yy 
/* 49S aa(dWOD e you 4t xy } 
/* PUuNOZ YIIEW Yh xy 


{9A9{ OY §¢ 


swt 


41 [Opseeu = Ju 
{ 
yeyep = panuwiy<es 
‘SJA = [Gwor<eu 
pabueyds you 4t yxy 


{AWOId<cad) FBR (MPWLASAS =f PAGNwiyceyv)) jf 
fx OP 43SL{ N4Yyy YOU BLLYM xy } 
/* YAS PLLCA AST OF YULOd xy 
/* 9pou svOosuss O03 YULOd ¥x¥ 
f/* OP 4YSty_ NIYY JOU DELYM yy 


ISJT OF YULOD xy 


-ON = 

f@WiyYSAS = 
£(3Si[<23) wi3ud3b = 
4(S) J2OewWUIbB 42 
(ON == ((S) [awodrsa 


(LauesS<-O0 =f J) SLUM 
$1 lLOsK=-(JPY<-d) = J 
s2LPUL<ed = DO 

) CLIPLS =F GA) FULLY 

4yxUceJPYPIS = A 

$due YISA QJINIYAS 

‘by poususs yINI4AS 

dy pisuags yINns4ys 


> () OYEIEt 


[®@AF_ SEN UOLYONpOud e st |uLyNoY Stuy ¥y 


susn au 


{ 
1 { 


syeaNQ 
s21Nezsap 
47e0uq 
{ 
XULPpced = J 
{ 


{dwOd<e] 
panwty<e 
py uar<a3 
JICWNU<ed 
= awad)) 44 
CTIN =% 3) $8 


246 





/* Yb aaeS yy 
/* AN{LeA Kew Mau Yt ¥/ 


swiyp = [eaxew 
({eaxew < Wiqyp) 3t 


eCpenuew yy Tree C000000°%2) 


(21QNOP)) 4A) MOd4+(((0°2Z) (ALGNOP)) 4x) MOG) 3yDS)(3CO[¥))) = WLIP 


£(O°OT ¥ (A200[S<ed 


(OUdewQS<eS =f [Jet pADUd{e) at 


jx soOSuaS yUuadefpe Puly y¥/ 
/* OP f#usuas yudfpe yoea svoj yy 
/¥ AN[LCA wNnwyxew aZipeQiUul y¥/ 
J OP 439St[ May YOU BL LYM ¥/ 
/* YAS PLLEA AST OF YULOPd xy 
/* UuOS$VedWOD vOy HO jt yxy 
f/x SsOSuas yua.efpe yao x/ 
/*¥ OP 49SEL AYYQ YOU SLLYM ¥/ 
/* 4OSUGS YST OF Yuiod x/ 
/* (AA Yebuey UW YOK yxy 
fx apou Ae@uyve OF YUIOD ¥/ 
f/¥ OP “49StEL ADYX YOU BL EYM ¥y 
/* POU ASL AST OF YULOD yy 


/¥ g (aha, 02 | [ane 


Je ({[@2 JO YULOD OY UuN Yau x/ 


/* Ja YUSOD |aouUeApPe ¥/ 


} 


~ ADO{S<=$)) (AL qGnop) 
$(O°OE # (XIOLSc<ed = XDO[S<25)) (91 GNOP) 


A 
x 


yn 
S 


woe YW 


ixUce(JPlaY<c-b) 


(44h 2 (QP ADIUD([er1sQ=1) yO} 
0°00 = [eaxew 
} (bLawaescey =f% 3) BLLYM 
SLlLOs<e(4PY<ed) = 2 
} CCT = LWAN) =< (HO) AZUILe) 34 
4(Aduafe*b¢oudewqs<eeu) uaspe jo 


} (LUEIUScebd =F 4) SLEYyM 
{xU<c-(VPeaYcebd) = J 
4(b) ulwj,96 = [eAuiw 
4J¥Udeed = D 
} CLIpse =F G) SEpym 
4yxauceupyupre = Gd 
{$ “CdVWwuadN) AQudfe yur 
4A 4x *41@AULW 4wELZp 41;eAxeW Yeo] 
| ‘Nx [JUAD YINUAS 
$x YOSA YINIVAS 
‘Sy 4Jy pOususs yon AS 
4Dy poudceve 4YINIAS 
dy ptAeue yInsys 


} 0) Tyelel 
a{Nyv UOS_YINPOud e st DuLYNOU Stiuyy y/ 


suuNiau 


{ 


247 





/* xapul 

J¥* ONLCA YAIAYD 
fx yuo ssus 

/* 


OZiperylul wy 
azipeLrayiul xy 
Q@AL}9e 3aS xy 
BSEMJIYYO x/ 


70 = A 
{eaaes 
yuousus 
} asja 
{ 


J 
O-°= 


é 
e 
é 
- 


£(OFPLGEI!{dde YOU YdHIFiy)FIULa 


S(WNUACIJO ce ( HICQPIe ceb) 4QuOVud UF 
$(Q4¥03% GNYes YOSUSS AYVeEPUNN,, js JQutuad 


fx OSw JOUIJA YUulud xy 


St px A@use, js QuUtuaA 


f/x JOUsa ANYas © 4l ¥/ } Ch =i (oJ ayuofe) Bt 
fx SJOSUdS YUsIepe Si 4yab yy 4(qyuofe “b 4f) uaspe yo 
/¥ JOUR OU JL ¥/ ’ (0 =< £) bt 
fx sosuas Ayvepunog e 4ab ¥x/ 4(0) ysusqyo = § 
fv A@euse [pesy © Bt xy } CT == (OLsAAIK<eD)) Ft 
fx A@sue OF Qulod yy 43\Ud<ced = D 
/*¥ OP fASEE NIYY YOU BLEYM x7 ) CLApPle sz AG) SL by 
/* pou Ast{ YAS]T OF Yuiod y/ 4yxauceupypie = ad 
4yuouUSUS 4fqyYWHSdN) VUDLeE 4Lennes 4w 4yua UNO. 4yUNOD “Hy 4Ff 44 Qut 
‘by poudAeve yoNVysS © 
dy piAeuve yonuys & 
SIdVWWUSdNJ YIGx YESA YINIYAS 
4OW9YS* 4 [dYWHIdNJ YIGS¥ POUSUaS YINIYAS 
> €) OYnLEl 
/* tf LPA®PL OF |F [AAPG A9LNY YOLJINPOvG EO SE Bug AnNou Styy yxy 
{ 
/*¥ {129 $O JUSORM OY UUNISaU yy suunjad 
{ 
J¥ SA9YULOG BIUCAPE y¥Y/ 4yxaUceO = A 
{ 
f/*x 49q¥ULODG a9DuUeNPe yy *KUc0od 2 J 
{ 
{ 
fx J8¥ULOd BQuUeAPeE ¥/ 4, [Os<cey = 3) 


/* YAS PLILOA JYY BAAOWSY ¥/ 
/¥ \USIIND YOU ¥y/ (( [bel A<-3 
/* WS PLIRA 3) 4/ 


4(3) yasawy 
(MOL LOpce(UaybLy<-}) = A)) 


BR CLeAxew < (PYyUs<coy | BWLYSAS))) jt 





sx Japso yo IMS 


sx [en Aeuvue Ysej OJ YUILO"d 


/* |@Aa{ YXaU OQ BAOU 


/* YUNOD yUuaWavIuUt 


¥/ 
¥/ 


¥ / 
 / 


} C#4 le Ces aussususyolsosl) yo} 
{ 

$l 4s 4 

4J9QUNDOD 4= YUNDOD 


f/x SAaSaYIOGAY YOY YOVeDS YueAS ¥/ 


6(b4yuduSus4ujQd*uyds¢wsy) YOueDS 


J* JUD Yau YYODGAY YUdsAS JOS 
Jw JOYeDIPUL [SAAS AS] Yas 
f/* 49S PILLOCA YAS] OY QUG ¥/ 


/* JOSUaS YyoRee soy 


7. 
¥/ 


¥/ 


JIVUNOD 
‘0 = Jaqunod 
$4 = w 


f11Os<-(spuce{f}yads) = [f} 434 


(+4 2 JUDUSUS>I systf) YO} 


/x OP fyaqunu Pauinbsey JO} ¥/} (3UDISUS => (JWNN4A)) FLLUM 


se JOVEDVIPUY [AAS Yas 

J* YUNOD YAIOGAY YUaASD Yas 
f/x 399354) Op 

Jx SJSUS 3O *OU PeuINbss 44 


fx Suosuas yuadefpe yao 
J* @NLeA YIeYD MOU 


(tp, auofe ; 


/* a4s0ub4 
Jf*x SAGAY swaYVO {Ie JO} 


/* YUNOD yOsSUaS YUaWa IU 
fx A@susue saqUIOd peo| 

/* O/7S plstuiw so} 

Jx 92dAY yOSUaS YO} YWYS |asedD 
f* uasudAYy JOU PUue ALIVE 344 


fx J2@4ULOd aDUeApPe 

f/*¥ PUY JOU JOSUSS P,Pt A9LIYM 
/* JOSUAS YS] OF YULOA 

/* Op fsusues Aeuye {Ie so} 


¥/ 
¥ / 
¥ / 
¥/ 


¥/ 
¥/ 


[2)3usfe g (TJ auofe == [eAnesy) = 


¥/ 
¥/ 


¥/ 
¥/ 
¥/ 
¥/ 
¥/ 


¥/ 
7 
¥/ 
177 


70 = 4 
0 = JUNODS 
) (++ bser'soet) sos 
(LWAN =< JUIISUS) 44 
{ 
4(quafe 4b 4#f) uaspeyo 
sOudewgs<-.dways = |{eAAeS 
f* Oust Ul vOSUDS 4yxdU YSH yy 
{ 
{ 
ee 
sa ynejsap 
47e0uqQ 
4] ¢= yuousus 
sways = (+44) 4 ds 
S000] eases 
} COTL/PGAX<oGW9YIS) YIIIEMS 
} (00°O s< YASIDAY<odwa ys) 
BB (O°O =< APBIEWA<-GW94IS)) ff 
4xUcwdW9yS = GWe ys 
(f sf Oudewggs<-.dw9ays) AL LYM 
{xUce(UPeay<eD) = GWI ys 
} (Feb fUSSUNUcHeD>I{O21) JO} 


249 





fx JOqULOGd AVEJOdWAY 49S ¥/ ‘bob = awey4 
/¥ apou GHuiuutbaq Mau Yas ¥/ ‘tl4<-0 = a 
/* 9pou yusesud Buiuur6eq jt xy (oO x2 GC) ji 
/¥ SOPOU SYeIPLAONp 3t ¥v } (SFA se ((O4%4) AYPGNP = [CAQOI)) ft 
J/* 49S YUusSUGd NyYyy you A9LLYyM ¥/ } CLIAF® =f BD) S_LYyM 
/* Op *dAYy ysed NJyy OU SELYM xy } (FO =F J) FLEYM 
/¥ J9\ULODG BHULAIOM YAS ¥/ ‘a s b 
fe GPSIMIGDYIO ¥/ } eslea 
f/x SUOStUeEGWOD OU w@ UINJSU ¥/ susNyad 
J¥ SOSAIYYOGAY 4ySed Ou jt ¥/ (d == J) jt 
f/x epou YS] OY YUyOUd xy SL ie<eJPYAS = J 
J/* OSIMISIYIO ¥/ } este 
fx suostvedwod Ou -j UINIJSsU ¥/ suuN Jad 
f/x OWL} YUSUG ye Pawyoy OU jt #/ (LIAS == Gy jh 
J*x J9ULOG |adUeAPe y/ 21i,}¢<-G = da 
J* GAY yUusSUdG YS]T OF YOU SLLYM ¥/ (9WLYSAS =F WIiYApdNe-d) BIL EYM 
/* @pOu YS{ OY yUulOod yy SLlg<-4pyao = ad 
J/x PuoDd Huiddoys aynyjosqe jas y/ 49wtysAS = wiypdn<eej{ jyrg 


4{@Aau Yul 
4GWay¥ 4dy fbDy 4Gy YUAD YINYYS 


} () O4ththrl 
/¥ t ({PA®{ OC fF [AABL BSiNy uotyonpouGd e si BuLyNoy Siyy ¥/ 


{ 
/*¥ {123 $O YJUuLOd OY UINYSU ¥/ fusnjyod 
{ 
fw JOq¥UIOG BDuUeANPe y/ 4yXVU<ced = A 
| { 
{ 
{ 
{ 
{ 
Suber 
4aqweys = [wWw) uv yds 
4twy4yds = [{f)vads 


/*x JIP JAYUIO WOUJ YDOYD OY ¥/ 4(f})4 yds = Gueays 


290 





iy 


* 


/* J9JULOd BHBULYUOM |BIUeAPe 


J/* B9Pou FyeOLLAGNP ey y BAOWAY 
J* J9YULODd BULYIOM YaSau 

J*« J9YULOd AueVOdWIY Jes 
/* apou svapeay aduedape 

/* YST St PAWY aq OY |apoU 341 
/¥ SAPOU aYeIIL {ANP 4t xy } 

J*x GAY yusUGd NUVYY YOu ALLYUM 
J*x Op “dAYy ysed Nyuyy you ai tye 
f* J9WULOTG HuULyUOM Yas 

/* @pou As} Oy YULOd 

J/%* 9SiMJAYIO 

/* SuOStUedWOD OU = UUN Ia 

/¥ Wty JUSUVG Je pawsojy OU jt 
/* Ja ¥ULOd a2uUeApe 

/* GAY yusud yszq OF Jou si iym 
f/* @pou 34ST OY YUfod 

/¥ PUyuOD GOusaddoys aynyosqge yas 


se (anay 03 


/¥ (led 4O YJUuLoOd OY UNIS 


J* s2aquyod sauenpe 
fw UOLJEUIIE Yxou sO} Yaseu 


/* J83ULOd ayy adueApe 


f* APOU 29YeDLLAGNP B9YY BAOWwSY 
J* J94¥ULOd BuUyHUOM Yasau 


+7 $1 
¥/ 4(QW9)) a 
¥ / 
x / fb 
my Stls<-d 
¥ / (o == 
(S3A sa (C440) Aya JAsSS = [eA 
7, } ([3Ae = 
¥/ } (9 
¥/ 
“4 $1 
x / 
¥/ 
¥ / 
¥/ 
«/ (@wWsYSAS =f wt 
¥ / ‘ 
‘7, sawiysAs 
fQwayy f4ux 4Dy 4 
h [PAP BPILNY YOLYINpPOuG e@ Se AuLANOy Siyy ¥/ 
¥/ 
¥/ sil 
¥/ 
¥/ slis< 
¥/ £( Gwe y) GAY 
«/ £yse@[<-b 


{ 


Ayawad 


fyse({<-0 = D 


= OwWoy 
- «A 


} asja 
4udsNnydd 
(t3Ae9 == G) 3} 
fti3<-0 s a 
IWAON<ad) BILLY 
Lig<=eJPyAR = A 
= WS$YPdNc<e[ YAP 
£[@Aau yu 
Gy JUAD 4YINIVAS 


} 0) I4ntrt 


suunyau 
{ 


$<ed = J 
4a 


vt 
om O 


eb = b 


ees 


oWdd 
=- © 


Ql 





ye [LOD JO JuloOd OY UUNIaU xy 


J* J9YULOD OULAJOM YOSIU ¥x/ 4ttt<-9O = 
/¥ PAYSIUES YOU Jt #/ ( {IAF SG GA) 

/* 493ULO0d aseq anuenpe y/ flly<<0d 
J*x J9WUILODG BYY BOuUeANPe x/ $llg<ebd = 

/* 9pOU YaSQqQnS A9YY BAOWSaIY ¥/ 4(0W9 4) GAYswau 
/* J9YULODG HUHAIOM Yass ¥/ fyse@t<-b = b 
Jw J9¥ULOd AUeVOdWS)Y Yas x/ sb = dway 


suunisas 


b 


b 
{ 


/* 4aSQnS © jt ¥y } (SFA sz ( (940) AYSISSS = [CAYIIU)) fh 


/* Pua IS${ YE YOU SLLYM ¥/ 
fx Ppude IS${ 3@ YOU B_ELYM ¥/ } (1348 


om bf 


fx J9¥ULOTG BuULAUOM YaSau ¥/ Lt<-9 
fx J9VULORU B@QUReAPe yx/ lig<u2d = 
J YUOLJAUDIL YxXOU VO} YOsdau yy 41 Lg<eUPYAa = 
J¥ 494ULOd O9Yyy BVIUeAPE ¥y/ {tli<edv = J 
{ 
fx pou S9YeEDILAGNP BSYyYY BAOWSU y¥/ $(0dway) GAYyowsy 
/* J9¥ULOd OUZAIOM Yasas ¥/ £ys@l[<eu s J 
/* JOULOd AJeUVOdWaY 4aS ¥/ 4a = Gwaj 


/¥ S@pou axeDt(GNP 4} ¥/ ) (SFA =e ( (O44) Ayaz,ass = [eA}ZAI)) 4! 


/* 39S JUSUud NuyYy YOU |StEYUM ¥x/ } (GO sf 4) Att 

J+ Op “GAY ySed NYY JOU SLEYM ¥/ } (tIAB =]7 0) @ 
/¥* J9VULODG HuLyJOM Yas y/ ‘od 

f*« OPOU YS] OJ YuIOd ¥/ SLL p<espyAa 

/* J93¥ULOd HULHJOM YASS ¥/ sae = 

J* J9¥ULODG YStt BOuUeAPe ¥/ 4iid<ev = 


$$ 


G 
{ 


} (CLIAD =F Bb) GEPUM 
7; GC) aysym 


b 
J 


1b -=- FZ 


| 


y 


{ 


b 
{ 


om ctoszkt 


252 





4dy yYUAa 4YINVYS 


> () OYSthI 
/* GF [PAI 03 f [PAS ALN VUOLYINPOVvG e st auLyNo’ siyt xy 


/* {[@D ¥O YUuLOd OY UN aU yy - suunjyay 
{ 
{ 
{ 
/* JO¥ULODG |sduUeAPe ¥/ SLi p<eespyAe = v 
/* VOLJEVSIL YXOU YOY Yasau y/ fit p<-b = bd 
{ 
fx JA¥ULODG AY |adUeAPe ¥/ {{tp<eu = J 
{ 
/*¥ OpOou a7Zedt{AGNpP 9yy BAOWSaY ¥/ 4(0wey) dAYyowas 
/* JA YULODG DULAIJOM YaSau ¥x/ '44Sel<eu = J 
fs ta¥ULOd AyevOdway Yas ¥/ ‘J = Gwa 
/¥ SAPOU |aAeDIL{AGNP 34 ¥7 } (SIA se ((O44) AYyYaIxasS = [CAIVSI)) 44 
/* 49S Ysed Nyy YOU |ILEYyM xy } (9 =f Vv) BL bum 
/* 49S JUSIG Nyy JOU SL LYM xy } CLIAS sf BD) St_tyM 
/* J89YULOD HULyYIOM Yas yx, ‘ad = O 
"fe OSLMIAYYO y/ } asta 
/* SUOSILUBGWOD OU wj~ UUNISU ¥/ susnjay 
/* S9SaYyIOdAY Yysed OU jt yxy (d s= J) 3 
/* @pou 3ST OF YUJORG ¥xy¥ 4itg<eupyae = J 
/* @SIMJIY{VO yy } asa 
/* SUOSILVeEdWOD OU «= UINIJSN ¥/ fuunjadg 
/* O9WLY JUSYG Ye Pawuoy OU {fh xy — ({3Ae sz Gy jt 
fx J8¥ULOd soueApPe yx, 4tle<00 = GO 
f/x GAY yUuSsud YS] OF YOU VL EYUM xy (FWEISAS = 3 WEAPDGNeed) BL LYM 
/* @pou 3ST OY YyUulod ¥x/ Stle<eupyaa = ad 
/* PUOD OUsddOo4yS aANi{oOsSge yas y/ {@WLASAS = WIYAPAGN<={[ Aa 


(eA au yu 
sOweady “uy “Dye 4dy JUAS 4YINVAS 


} () e4bitl 
/* tf LeAa{ O23 fF [eAa{ aLNY YOEYINPOVUDG e S44 BU ANOYU Stuy xy 


203 





‘Dy YSLL[AA YONVYS 
‘dx YUAD YINVYAS 


} () 4st 
J* GS (AAA OF fF LAAPE SPLNY YO YINPOUG e Sit Busyqynoyu Stiyy yxy 
{ 
Jw {19 $O Yurod OY UUNIJeay yxy fuun au 
. { 
fx J494¥USOD BYY @PdUeNAPe y/ ‘ll$<-0O = GA 
| { 
sx sweyved yeas pue GAY 29YeaID ¥/ (90 44 40) GAYLISS 
/* pawsO0y 9q UeD YYOGAY e& jt ¥/ : (SHA == Jtpul) bt 
{ 
J-*x J9¥ULODG J9YY B9OueAPe yx/ 4yx9UAceD = D 
{ 
fx sOJZVEDIPUL VUOEJewIUOY YAS ¥/ SS3JA = Jipul 
fe “UOLYLPUOD Butddoys Yas yy £3S1v4 = c03S0U 


/* AYLDOLSA UO pawyoy aq UeD SISAaYYOGAY VOLJedIytsse(> © yt x/ 
) (CLO) XOWAced => [AAcH-bD) BR ((O] UbWAced =e [aAc-bD)) 3! 
J+ OP £dO4S YOU SLELYM ¥/Y } ((FUPSACHTD =f DO) YY (dOYSOU)) SLLYM 


/¥ Youeas St auedaud ¥/ SAXBUA ce (UPYAcead) = DO 

fJ* O@StMIBYIO ¥/ as{e 

{ 
Je 4OZVLDIPUL VOL YewUoOy YSS ¥x/ $S3A = Otpul 
fx YOLYIPYUOD BHuiddoys yas yy £43Slvw4 = d03sO0uU 


J* WYBH4YING pawyuOsy BQ VUED SISAYIJOMCAY VUOIWedItylsse{ os |© yt yxy 
} COLO) X@WAceu « KOWLAAKHG) BR (([Q]) ULWAced > ULWLAaN<ed)) jt 


f* Jy¥d Aeuyve Yao ¥/ SPUDIED Ka (FUL KH (FULL SA<H(CLLOs i <e(YMOL<-9)))) = Jd 
fx Jsanuew Wu0y GAY sset{d Yas ¥/ ‘ON = Jtpus 
fx sOJVeDIPut dOYS OU Yas yy 3nut 2 do ysou 
f* FYePGN vO wWy0}Y YUudaUIUNI e jt xy } (S9wWtyYsAS z= WiyApadn<eed) 31 
/¥ OP 43Sh 1 M44 YOU |LLYM xy } CLIA® =f GD) BLLUm 
fx apOu YUSAS YISJT OF YUFOUd xy $itls<eyuPYAI = GA 
4004ysOu 4JIipuL qu 


4ux poudAeuve 4yonu ys 
4Oy YSLLPA YONVYAS 





J* G (PAIL O28 F 


Je tlLeD $O YyUuLOd 04 UUNIaV ¥/ 
fw J ULODG B9YY BOUeAPe ¥/ 


f/x sweved jos pue dAYy a jeeud x/ 
Jw Pawso}y B9BQ UAED YYODAY e@ 3b ¥/ 


sw Ja JULOd |JYY |aDUeAPEe ¥/ 


/¥ JOJEDIPUF UOJJeWUOY Yas yy 
/* UOLYIPUOD BHutddoys yas ¥/ 


1aAa| 


‘uy poudAeve yonuys 
4Dy 4YStl[AA YONIYS 
4dy¥ JYUAS YIONYUYAS 


’ (0) e4Sthl 


QIN YUOtYINpOud e@ St Bu yNoy siyy ¥/ 


suunjyau 


{ 
fll3<ed = A 
{ 


4(T 44 4d) dAYyILoOSO 
= 9'pul) jt 


{ 
£XAUACeD = D 
{ 


‘$9A = ofput 
£3S1v4 = d0}s0U 


/* AYLIOLASA UO Paws0} |aq UueD SISaYyQOdAY UOLyeriyisSse[>s © yt ¥/ 
} COLT) X@WAces => [ANcHD) BR (LPP ULWAKc-4d Ee [aAcedD)) 3 


f/x Op 4dO4ysS JOU Ai bYyM yx, 
fw YDVCAS YStt BVuedaud yy 
/* @S$MSIYIO ¥/ 


Jw JOVB@DIIPUL uUOLJewUOy Yas ¥/ 
/* YUOLJIPUOD Hutddoys yas y/ 


} ((CIUaSAced 


=j 0) RB (Goysou)) F( tym 
$YRxOUA ce (VPYAced) = D 
. as{a 
{ 
‘SSA = Ytpul 
£3S1lvy4 2 d04sou 


/* WYHOtsINGO pawsoO}y OQ VED SiSAaY_OMGAY uUuOLJedIytSse,os e& yt yxy 
} COLT) XOWN cad «€ KEWL AACHd) BR ([TPUsWAcn-u > ULWLAAced)) 34 
/* J jd Aeuue 3956 ¥ / SPUBDICA cm (CHUL cH (HULL SAcHCLLOF 1 <-(YMO{<-c)))) = vl 


fx Jaysew wi0y GAY SSe[D 39S ¥/ 
f/x J8OYLDIput dGoOYs Ou yas yy 

/* 94ePGN JO WYU0JY YUaUINI © Yt yxy 
/¥ OP 49St{ AYYI YOU SL LYM yx/ 
/* @pOu YUusASa YST OY YUIODd ¥/ 


ON = FP} 
-jnyl = go ysou 
} (PWLAYSAS == WIYAPAN<ed) 3! 
} CLIA® =F Gy) BEPYM 
Slis<espyAa = a 
sd0ysOuU “Jiputlt jut 
4dJy poudceve yonuys 


23D 





/* G [9AP| OY f 


/* {{@2 gO YUuLoOd Oy UINIJeu ¥#/ 


swe J9¥ULOG |YY |adUeAPe ¥/ 


f/x swesved yas pue dAYy a year ¥/ 
/%* Pawso} 9qQ URED YYODAY e@ 4gt ¥/ 


Jw J9¥USOd ayy aDUeAPe ¥/ 


Je JOJVEDIPUL UOLJewUo}Y Yas ¥/ 
/* UOLYIPUOD Buiddoys yas ¥x/ 


4d0}3SOU “DdtputL ut 
‘dy poudeve yonv ys 
Dx YSPELOA YINIYS 

4d¥ YUAa YINIAS 


» €) £4Sthl 


[PAS_ FPLNY YUOFYINPOVG e Si BuLyNoy siuyy ¥/ 


suunijas 


{ 
fli#<-9 = 90 
{ 


4(2 “4 'G) GAYILISO 
= Jtpul) jf 


{ 
£yx9uAceb = 1D 
{ 


{SFA = Dtput 
£3S1v4 = 90}so0u 


/* AYPIOLSA UO PawJO}Y |aq UeED SiSaYVOGAY UOILJedIgISSe(D e Bt xy 


} (Ce) XeWA<ed => 

/* OP 4dO}S YOU BL LYM ¥/ 
/* YOURSS YStL_ AUedIUD ¥y/ 
/* O9SIMIFBYIO ¥/ 


fe JOJVeDIPUL YUOLJewUO}Y YOS ¥/ 
/* YUOIYLPUOD BHutddoys yas x/ 


L2AceD) BR ((ejutwrAcedu =e [AAcHb)) 34 
>} (CIUESAcH-O 


b) B33 (dOJSOU)) FLLYM 
PXRBUA ce (IPYA cod) = o 

asia 

{ 


-°* 
=- | 
4 
°® 


-S3A = Jtput 
23S ivw4 = go ysoU 


/¥* YYBHtIINO paws0y 9G YUED SISM@YIOGAY VOoOtyediyissey~oa © yt xy 
} (CLA) xXeunNcnod «€ KEWL ANC Hd) BR ([FPULWAced > UfWLAAced)) 31 
f/* Jd Ae@suse Jab yx/ SPUDIEd Ka (FUL <a (AULLSAcH(L LOS 1 <e(IMOL<-d)))) = J 


fe JanJsew wdJOy GAY SSe@{D 39S ¥/ 
fe JOJVEDIPUL dOYS OU Yas yy 


/* @YepdN JO wWyOY YUaIUINI e Jt ¥/ 
/* OP 439Stt NIYY YOU D9LEYyM ¥/ 
/* @pOuU YUSAD YS] OY YULOd xy 


{ON = 21tput 
f3nui = doysou 
} (@WIYSAS =z WLIPAGNced) jt 
} CLIAD =Z~ G) OL HYM 
Ptle<evpyAa = G 
4d03ySOU 4DJIipuy yu 


296 





s* 2POU YUSAS YS] OY YULOd ¥/¥ Sti d<eupyas = a 
fdoysou f#stpul jut 

4Jy¥ pOuAeue 4yINVYAS 

4by JYStLLAA YINIYAS 

4dy YUAD 4INVYAS 


} () b4Sthl 
/* G L9AAL OF fF [AAAL_ V9LNY VUOLYONpoOud e st auLyNoU Siu ¥/ 


{ 
/*¥ L129 3O YULOMG OY UIUNYdU xy suuN jad 
| { 
fw J9q¥ULOd 9YY BWQUeENPEeE y¥y/ ftt$<-d = Ga 
{ 
fw sweyued yeas pue GAY ayeaud ¥/ $(¢ 44 4d) GAYI ISS 
fs Ppawsoy BQ UED YIOGAY EO 3h x/ (S3A == SEpUul) jt 
{ 
f* d9Y¥UJOD B9YY BVOuUNeNPe y/ 4yYXBUA ced = DO 
{ 
fw JOJSIIPUZ UOLYeWIOJY Yas y¥/ fSJA = Vtpul 
f* YUOLYIPUOD BHButddoys yas yx/ £3S1v4 = c04SOU 


/* AYLIOLAA UO pawsoy |q UED SisaYyAOdGAY UOJeDIyISse{D e yt xy 
} COLE) XCWAcad => [BAceD) BR (C(GPUlWAced =e [BAcebd)) 3! 
/* OP 4dO4S YOU SLLYM vy ) ((CIUSSAcKHoG =f DBD) BR (AGOYSOU)) ALLYM 
é 


f/x YDUCAS YStLt BVueddsud x/ YXIUACHA(UPYACeG) = D 

/* @S1MI9YYO xy as|a 

{ 
fx JOJVSDI PUL UO JewIUO}y Yas ¥/ ‘SFA = Jtput 
fe UYUOLVLPUODS 6Buiddo4ys 39S ¥/ £3S1¥4 = dO4SOU 


/¥ YYHBtsINO pawsoy |aQ VED SisaYyIOdDAY UOLJed.IZISSeLD © yt ¥/ 
b CCLEPKEWA Cad ¢ KEWLIAKHd) BB (1g PUbWAced > UpWLahcea)) 4! 


/# JAD AOsse 49H wy LYUDVEMD Km ( UL cm ( FULL SAcH( | [Of | <-(UMOL<-d)))) = 4 
fx JSaytsew wsdy GAY sset. yas xy {ON = OtpuUt 
se JOJVEDI PUL dOYS OU Yas yx/ £4NYNI = Goy\sou 
/* FYEPAGN sO WyOY YUdUUND e {4th ¥y } (@WtLaSAS == wWlLAPAGN<eg) 44 
/* OP 49SEE NYY YOU BSLLYM ¥/ } CLIAD =F G) FPESYM 


f* @PpOU YUSAD AST OF YUOO ¥/ Sit g<eswpyAa = ad 


raed | 


. Ga —_ = — => 





sx OP 43SL, M4Ya YOU BLLYM x, ) (L3IA® =p a) attym 


f/¥ POU YUIPAD YST OJ Yulod y/ Ll <eJPYAD 
#aq04ysOu “J1iput 


= <¢ 


yut 


4gy poOouAdeue yoInIYAS 
{Dy JYStLS@A YINvAS 
40y¥ JUAD YINVYS 
’ () S4SIhrl 
/* & LAAPL OF fF LPABPLE BLN YUOSYINPOCUDG eO@ St Bu NOY Sty yxy 


{ 
Je LLeD $O YyuIOd OY UIUNIAdU xy susNn ad 
{ 
/* 494yULOd 2YY BOuUeNPEeE ¥/ 4tl¢<-O = Ad 
{ 
J* sweyed yas pue dAY a yeasDd x/ 4(h 44 40) GAY{ISS 
/x pawsoy BQ ueD YYOdAY e Yt ¥/ (SJA sz Obpuly) 3 
{ 
J* J9qYULOd 29YY aaueNpe yxy £yxBUAcedD = OD 
| { 
/*¥ JOVReIIPUL YUOLJewIUOY YOS y/ {SIA = Jtput 
Je YUOL{VIPUNOD Butiddoys yas y/ {3S1v4 = 090]3SO0U 


/* AYLIOLSA UO PaWwy0}Y |BQqQ UeD SiSaYJOGAY UOLJedtyisseto |© 44 vy 
} CCUb) xXewAces => [PACHD) BR (C(h)upwAced =e [BAcob)) jf 


/¥ OP 4dOYS JOU SLUM ¥7Y } ((IUSSAcKHD =f DO) BYR (AOYSOU)) Bitty 
fe YDuUCFS ASI A@vedseud yy SYXPUA Ce (UPYAced) = Db 

/* @SIMJAYYO y/ as|,9 

| { 
fw JOJVEDIPUL UOLYewWUOy Yas yy ‘SJA = Jtiput 
/* UOLZIPUOD BuiddoOys yas ¥x/ £4aSlv4 = d0ysou 


/* YYGpyINO pawsoy |Qq UeD SiSayIOGAY UOLIedIIyISSe,D © yt x/ 
} CCE) xXewrAced « KEWL ANCHd) BR ((hpupwAcesd > ULWLAAced)) 33 
f* Jyd Aeuyue Yat ¥x/ SUSIE Mca (HUL KH CHUEL SAN cH(L LOS 1 <= (IMO[<-d)))) = J 
t 


f/x Januew ws0y GAY sse{d yas ¥/ ‘ON = Otpu 
fx sOJVeEDIPUL DOYS OU Yas yxy £4Nul = go ysou 
/* FICPIGN JO WyOY YUdSUIND e jt x/ } (@whyasAS s= wWiypdncegd) }1 


/* OP 49S${ M4YX YOU |LLYM ¥, ) (LaAe® =p ay atLym 


258 





f*« 49 ULOd BY AaDUeENPe yx/ 4yxauy<eed = G 
{ 


/* 89POU 9YY AAOWSY ¥/ $(GQwe)) GAYowad 
f¥* 49VULODG OULAIOM YOSAU y/ $A9UDUced = AG 
fe J9VUIOd AueVOdWa) Yas ¥/ $0 = dwaj 
/¥ Payeripul LeAOWSY {Yt ¥y/ } (CLIYIK2+d =T OD) 4t 
fe J9¥ULOG |BdUeNPE ¥/ syxaulaceb = © 
/* OP 4403S OU SLEYM wy CCTIN =F AUELAc2O) BB (CLIY%<eD =Z O)) FLEYM 
f/x apou 4st] IST OF YULOd yy 4YXDUlL Ace (4VAOMO[I<-d) = D 
/* OP £43Stt_ Nyy You JL tym xy } (AWIYSAS = 3 PUNI<ced) ALLYM 
/* apou dAYy {5 YSfT OF YUOd xy yxauyceupyl[ I = d 
fx UOLYIPUOD Buiddoys sqe yas yy f9wtySAS = PdNI<=[31[9 


£O¥ |[yUaAD yonuys 
‘dwajyy¥ fax ysse,os 9NVYS 


} () OYSISI 
/* G LPAAL 03 G [HAS BLM VOLYINpouGd e st |BuLyNoy Siyy x/ 


{ 
/* LL2@D $O YUuLOd OY UUN Yau ¥¥ fuunjeau 
{ 
f/¥ 4J94¥USOd BYY BWIUeAPeE yx/ ‘tLls<-290 = A 
{ 
f/x sweyved yas pue dAY a 3eaUD xy (G5 44 40) GAYIISS 
f/x Pawsoy 9G UES YYODAY © 4h ¥/ (SHA == Sipul) jt 
. { 
fx 4943UIO0d ayy B2UeANPe x/ YXIDUAceD = DO 
{ 
fe 4JOJYEDIPUL VUOFJeWIOY Yas xy ‘SJA = Otput 
/* YOFIIPUOD Butddoys yas ¥/ £3Slv4 = dO YSsoOU 
/* Paws0y 9qQ UeD dAY e@ je xs b CIG) ULWAcod =e [ONcod) jt 
/¥ OP. 4dOYS JOU ALEYM wy } ((IUPSAcHO =f DBD) BY (AOYSOU)) BL LYM 
/* YOIVP9S YSt | auedeud x / $YXIPUA ce (UPYAced) = b 
f* 434d ACSIO 39H Hf LYUDUCM en (HU co( FULL SAcH(LLOJ lL <o(UMO[<ed)))) = 4 
f/x sayuew ws0y GAY ssetrd yas ¥/ ' ‘ON = Dbput 
f/x JOJYeDI put dOYS OU Yas yxy f3nyui = do ysou 
f* 2 ePGN sO WO} JUaUUND e© YE xy } (AWILISAS sz WIAPAdNced) jt 


259 





/* 


L182 $O yUuLODd OF UUNJau #/ 


suunjad 
{ 


260 





Example Sensor Readout 


=—_Ee Se See ee a 


nm Se =e 885°. == 





Figure 1 


261 





Processing Methods 
Forward Chaining 
Hypothesis Data 


<< —_Pirection of Processing of Processin 


Backward Chaining 


Hypothesis Data 


Direction of Processing : 


Figure 2 


262 





Overall System Design 





— 
Operating Secondary Externa | 
System Storage Data 
Interface 7 
gee 
Rule Production 
Handler Rules Bae ooae 
Interface 
User 
Sensors 


(Graphics) 





Figure 3 





Level 


Production System Levels 


Filtered Multiple Event Hypotheses 
Multiple Event Hypotheses 





Filtered Classification Hypotheses 


Classification Hypotheses 


(_N 
Event Hypotheses 
(= x 


Valid Sets 
Filtered Data 


New Sensor Parameters ° 


Sensor Data / Sensor Parameters 


Figure 4 


264 





System Configuration Before Activation 


Array 


Head 


Filtered Data List 


Sensor : 
1 Head 10 20 
Sensor 
Head Tail 
2 
Sensor 
3 Head Tail 
a 





Figure 5 


265 





system Configuration After Activation 













Array 
if 
Valid Set List 


Head Centroid 
Sensor 
1 Head 20 30 Tail 
Sensor 
2 le } Tail 


Sensor 
Head Tail 
3 
se 








Tail 





Figure 6 


266 





! 
¥ 


Lae 


Pree LOGRAPHY 


United States Marine Corps, Fleet Marine Force Manual 
(FMFM) 2-1, p. 119-144. . a ery ca 


Mimeoneeena. Attica intelligence, p. 142-155, 
Addison-Wesley, 1 : 


Davis, R. and King, J., An Overview of Production 
Systems, Machine Intelligence, [v. &], p. 280-231, 
1976. 


Marine Corps Developmert and Education Cemmand DB 5-71, 
Ricmacctmmomnvel bidres seemuer/Tactical Sensor 
Surveillance ({TSC/TSS) Concent, p. 17-15. July 1971. 


fone corps Levelonment and Rducation Command [3 4-71, 


Concept For the Emvloyment of Sensors, p. 11-16, 
AD ay ae ae 


eo ony eorelligence Center and Schoo] Sunk 17@le2-Mé, 
Interpretation and Analysis Text For Remote 
Sensors (RemS), October i976. 

Poe eee ibelligence Center and School SupR 17211-M, 


Operational and Tactical Concepts For Emvlovment of 
Remote Sensors (RemS), October 196. 


U.S. Army Intelligence Center and School Sunk 17@21-™, 
Remote Sensor Devices, October 1976. 


Sandia Laboratory Report €423, Human Factors Zvaluation 
of the Terminal Message Processor (TMF), by 
Meeeeereavyvens, 0. 4-20, July 1972. 


U.S. Army tlectronics Command Report 4493, An Automatic 


Target Tracking and Classification Algorithm (ATTAC) 
For Unattended Ground Sensors, by A.J. Farnochi, 
Je wemercowarie, sand 8.0. Ulrich, p. 1-2&, April 1976. 


26/ 





11. Lesser, V.R. and Erman, L.D., A Retrospective View of 
the HEARSAY-II Architecture, Proceedings of the 
Sth International Joint Conference On Artificial 
Intelligence, p. 79-20, 19°77. 


12. Sandia Laboratory Report 0569, Criteria ror Frocessing 
meviycuron se€avenees From S€ismic Sensors, by 
Vellmenavens, Pmeosco, January 1972. 


13, Nii, B.D. and Feigenbaum, E.A., Rule-Based 
Understanding of Signals, Pattern Directed 


Inference Systems, p. 4@3-5¢1, 1976. 


268 





- 
1 
wT! 
rH} 


eee I SUT ION 1 


NO. 


Defense Technical Information Center 
Gameron Station 
Mee wenaria, Virginia 22314 


Library, Code ¢142 
Naval Posteraduate School 
Monterev, California 98944 


Pepartment Chairman, Code 52Ez 
Computer Science Tepartment 
Navel Postgraduate School 
Monterey, California 96947 


ERoteeraroldad Titus, Code 627s 
Devartment of zlectrical iIngineering 
Naval Posteraduate School 

Monterev, California 92942 


etm VONZlas Smith, Code 52S¢ 
fSmouvereoGrtence Lrendrtment 
Naval Postgraduate Schocl 
Monterev, California 9594¢ 


Toi enn s “M. Jackson, USMC 


92238 27th Avenue North 
Ptwesecrwersours’, Florida 36712 


269 


Copies 


z 


0 


(U 


a 














fh 














